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Chapter 1 
 
 
 
Introduction, rationale and aims of the PhD study 
 
 
 
 
 
 
 
 
 
 
This chapter provides background information regarding disability and oral 
health, emphasizing the crossroad of preventing and/or treating caries lesions in 
patients with different impairments. Access to oral health care, as well as 
barriers to caries treatment in this special group, is described. Although caries 
treatment approaches vary from country to country, parents/caretakers fear 
general anesthesia most. Alternative preventive/therapeutic strategies are 
therefore discussed, with the aim of increasing access to less intimidating care 
procedures for a larger proportion of this population. As the ART approach is 
considered one of these alternatives, research into its suitability and 
effectiveness in people with disability is needed. The chapter concludes with a 
presentation of the rationale and aims of this PhD research. 
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1. Introduction 
 
1.1  Defining disability from an oral health care perspective 
A definition of a person with disability has several components which 
include or exclude people in this group, depending on the criteria taken into 
consideration.  
The most comprehensive model for describing human functioning in 
relation to health and the environment is the International Classification of 
Functioning, Disability and Health (ICF), adopted by the WHO in 2001 and 
adapted for use in children and adolescents from 2007 (Child and Youth 
version: ICF-CY) [1]. The ICF model describes human functioning in terms of 
body structure, body function, activities, and participation. These aspects of 
human functioning are influenced by health conditions, environmental factors 
and personal factors. This classification uses categories for medical and dental 
diagnoses, described in the International Classification of Diseases (ICD) and 
the International Classification of Diseases – Application to Dentistry and 
Stomatology (ICD-DA) [1]. It provides a more holistic vision of the patient that 
allows clinicians and researchers to individualize strategy planning related to 
the abilities and needs of patients, irrespective of their health conditions. 
Adults and children with disability belong to an extremely diverse and 
heterogeneous group. One definition of the population requiring special care in 
dentistry is: ‘persons with a disability or activity restriction that directly or 
indirectly affects their oral health, within the personal and environmental context 
of the individual’. This definition is derived from the ICF and includes all types of 
impairment and medical disability, and all age groups, but restricts the 
population to those with an oral health impact.  
 
1.2  Access to and provision of oral care  
Accessibility to dental care for people with disability has been a topic of 
concern worldwide, particularly in developing countries. The early report of 
Working Group 11 (Oral Health in the handicapped) for the Commission on 
Research and Epidemiology of the FDI reflected on the situation as perceived 
from 1989 to 1991 [2]. Unfortunately, more than 20 years later, general policies 
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(and especially actions) are lacking in many countries, as was stated during the 
Global Dental Congress in Dublin in 2007. It appears that oral health of the 
disadvantaged is solely reliant on the actions of kind and willing people or 
NGOs [3]. 
 According to international dental literature, current discussion revolves 
around the feasibility of providing individuals with disability with treatment in a 
general dental practice [4]. In addition, the availability of dental services for 
special needs patients remains inadequate in many countries. Furthermore, 
where such services exist, people do not seem to use them. This probably 
indicates unmet oral treatment needs [5]. However, community-based programs 
have been carried out in developed countries in order to promote preventive 
strategies for the control of caries and periodontal disease. Successful 
experiences have been reported in Spain [6] and Ireland [7]. There, treatment 
was provided by a health board dental officer, junior hospital staff, final year 
undergraduate students or a consultant in pediatric dentistry. 
In Argentina, in the field of disability and oral health, guidelines and 
programs are unavailable, as is formal academic training to qualify aspirant 
specialists in this area. However, within the last decade, an increasing number 
of professionals have joined postgraduate education programmes related to 
managing dental care for patients with disabilities, which may indicate a growing 
interest in this field. This certainly resulted in a larger number of dentists with 
the will and skills for providing oral health care to this population.  
In Argentina, available epidemiological data for categorizing oral health 
status among people with disabilities is scarce. Only a few papers, reporting on 
specific situations limited to focus groups, are available [8]. For development of 
a master plan for promoting oral health care among people with disabilities, 
epidemiological data need to be collected.  
With regard to accessibility to oral health care; it is stated by law that 
care should be fully-covered through a social insurance system, public or 
private. However, the availability of services rendered by trained and educated 
personnel does not seem to reflect this situation [9].  
The Argentinean national association dealing with dental care for people 
with disabilities (AAODI) was established more than 20 years ago. Its main 
function is to organize annual meetings in which members from around the 
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country have a platform for exchanging practical scientific knowledge and 
concerns. These meetings have led to dissemination of specific knowledge 
among professionals and care-givers regarding oral health in people with 
disabilities and enhanced awareness of the need for their oral health care and 
the means for reaching that aim [10].  
Finally, despite the existence of legislation regarding access to oral 
health care for people with disabilities and a national association that deals with 
these concerns, there is still insufficient coordination among these. This hinders 
the facilitation and/or promotion of the development of guidelines for inclusion in 
a national oral health policy for this special group of people.   
 
1.3  Barriers to dental treatment in patients with disabilities 
Major concerns regarding oral health among people with disabilities are 
related to pathologies of the hard and soft tissues as well as to functional 
aspects related to speech, swallowing, chewing, breathing and facial expression 
[11]. Among those concerns is the fact that dental caries can be the cause of 
great distress and suffering for physically and/or mentally disabled people and 
their families. 
  A spectrum of caries lesions is present in mentally disabled patients. 
Each medical condition may affect the individual caries risk for different 
reasons. For example; physical impairment is often associated with mental 
retardation. This may compromise the ability to chew or to brush the teeth 
properly and to cooperate in maintaining oral health care, thus leading to a 
more complex situation regarding caries lesion activity. 
Strategies for providing oral care may vary from behavior management to 
physical and emotional contention. The most common barrier affecting provision 
of dental care to this sector of the population is the inability to cooperate during 
ordinary dental procedures, especially when they are too lengthy or somewhat 
painful. Furthermore, anxiety increases if such procedures are associated to 
needles or drills [12]. On the other hand, many neurologically compromised 
patients have involuntary associated movements which may impede proper 
accessibility to carious lesions with rotary instruments. Hyperactivity of different 
muscles of the orofacial complex may represent a barrier, not only to the 
removal of the decayed tissue but also to the restoration of a cavity. Drooling 
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and the resultant unintentional loss of saliva from the mouth could considerably 
affect the setting of restorative materials that are sensitive to moisture at that 
critical moment [13]. 
To overcome the difficulties of such situations in children, behavior 
management may require a pediatric care approach. Moreover, in some cases, 
conscious sedation may help to achieve relaxation and extend available 
working time [14]. General anesthesia (GA) is suggested as a last resort if 
previous options have not succeeded. Even when the risks are minimized, the 
latter alternative may frighten those involved in the decision. Also, from a cost-
effective perspective, what is considered a low-cost treatment such as a tooth 
restoration could then develop into a moderate-risk medical intervention [15]. 
Because of these barriers to conventional dental treatments, which seem 
difficult to apply in many of these patients, alternative methods need to be 
searched for in order to provide oral health care using the most appropriate 
tools for each particular situation. 
 
1.4  Caries epidemiology among people with disabilities 
Although the etiology of dental caries is the same in people with and 
without disabilities, each medical condition may influence the risk factor levels 
for the individuals. Moreover, within each syndrome or group of patients who 
share the same diagnosis, ethnic-cultural and environmental factors also have a 
repercussion on the prevalence of dental caries among them.  
The results of caries epidemiological studies comparing people with 
Down Syndrome (DS) with healthy individuals and other non-DS mentally 
disabled patients indicate this. One such a study carried out in Jerusalem [16] 
stated that the prevalence of caries among DS people showed significantly 
lower mean DMFT scores than among two control groups of similar age ranges 
(healthy children and non-DS mentally retarded children). In contrast, a caries 
epidemiological study from Norway [17] demonstrated no significant difference 
between 30 DS adult patients and a gender and age matched control group of 
mentally retarded patients from the same institution. Both results differ from 
those reported about a Chilean population [18], where a higher prevalence of 
dental caries was detected in people with DS than in a non-DS mentally 
retarded group. In Argentina, the mean DMFT score differed among people with 
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Down syndrome in different ethnic-cultural groups. Those belonging to 
aborigine communities had statistically significant lower values than those of a 
genetic-, gender- and age-matched control group from an urban population [19]. 
Together, these studies provide a diverse picture of caries experience in people 
with the same medical condition.  
Dentists treating people with disability agree that the most decay-prone 
age in people with disabilities is between pre-adolescence and young 
adulthood, with occlusal surfaces most frequently affected during this period 
[6,20]. Furthermore, progressive compromise of oral motor functions leads to 
poor chewing ability, which may also re-localize caries activity in cervical areas 
because plaque cannot be easily removed by the impaired oral musculature 
[21]. 
  
1.5  Managing dental lesions 
There are several aspects to the management of caries in mentally 
disabled patients. The decision to remineralize, restore or extract a tooth is 
based on evidence such as structural damage and individual patient factors 
(such as triggering conditions, risk factors and compliance). It also depends on 
the combined abilities of patients, care-givers and dentists to successfully 
control caries lesions [22]. 
Preventive-oriented oral health programs have greatly contributed to 
reduction of caries experience in people, worldwide. The use of fluoridated 
toothpaste and daily toothbrushing in cleaning tooth cavities in primary teeth 
can arrest these cavities, as shown in a field study in a rural Chinese school 
population [23]. Such preventive programs have also been applied to special 
groups, like institutionalized people with disabilities, achieving acceptable 
results [24].  
However, when these preventive measures are not yielding the intended 
results, surgical intervention is required and such treatment will have to 
overcome barriers to dental treatment that people with disabilities face. This is a 
challenge that the conventional caries treatment approach solves only through 
use of sedation or GA. According to different reports, GA could be the best 
option for most patients with disabilities, even in the early stages of carious 
lesions. A retrospective study from Taiwan [25] concluded that patients with 
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chronic illness and/or disability had a significantly higher than normal average 
surgical age and that providing early treatment for oral diseases may improve 
their dental health and maintain full dentition, thus reducing the number of 
subsequent tooth extractions. The authors recommend referral of these children 
with chronic illness and/or disability at an earlier than usual age, to a hospital 
where tooth restoration under GA could be performed. 
An opposite perspective to that of the Taiwan-study [25] exists in 
Argentina, where most of the dental teams treating patients with disability would 
rather not refer patients to deep sedation or GA unless they need extensive oral 
health care.  
A similar, thoroughly described background situation exists in Spain. The 
introduction of a systematic review aimed at determining the suitability of 
different dental treatments for different types of patients blames the lack of 
appropriate services available, among other factors, for the great controversy 
involved in making decisions for those patients unable to cooperate when a 
conventional restorative treatment needs to be carried out. Such treatments 
were carried out in a variety of settings, ranging from a private dental practice to 
a public dental hospital [15].  
The effectiveness of restorations delivered under sedation and under GA 
in a group of children with Early Childhood Caries was compared and it was 
concluded that the quality of restorations performed under GA was better in all 
parameters examined [26]. Moreover, the most effective type of treatment for 
cavitated dentin lesions under GA for patients with behavior problems or 
inability to cooperate has been investigated. Two different studies showed that 
stainless steel crowns placed in patients under GA are the most reliable 
restorations, while composite restorations were the least durable [27,28]. These 
results should be taken into consideration when treatment options for groups 
with an increased caries risk, such as patients with chronic illness and/or 
disabilities, are analyzed. 
According to Lee et al [29], in the United States, disease severity and 
inability to cooperate often result in treatment under GA but sedation became 
increasingly popular and is viewed posing a lower risk of systemic compromises 
than GA. However, the use of sedation drugs may always cause additional risks 
ranging from mild to severe systemic compromises [30] or even death [29]. 
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Individual factors make determining the right dose of sedation drugs for use in 
each patient difficult. Besides this, the cut-lines of maximum safety doses of 
many of these drugs remain unclear with regard to their use in dental treatment 
or in other diagnostic procedures [31].  
Conventional restorative treatment requires a certain level of cooperation 
that is usually challenged when the patient has a reduced ability to keep the 
mouth open, difficulty in staying steady during sensitive dental procedures, fear 
of vibration or the noise of the drill, and/or lack of coordination of the oral 
muscles, which can cause tongue and drooling problems. It is suggested that 
caries removal could be carried out smoothly, without involving noise or 
vibration, using a more patient-friendly approach. This may reduce the need for 
sedation or general anesthesia [32], and thus make it worthwhile to attempt to 
use atraumatic treatments in patients with disability.   
 
1.6  A possible alternative: Atraumatic Restorative Treatment (ART) 
The Atraumatic Restorative Treatment (ART) is defined as a minimally 
invasive care approach for preventing dental caries development and/or further 
progression. It has a preventive and a restorative component: sealing caries-
prone pits and fissures and restoring cavitated dentine lesions with sealant-
restorations [33]. ART sealants use high-viscosity glass-ionomer cements 
pushed into the pits and fissures under finger pressure, whereas in an ART 
restoration, the resulting cavity is filled with an adhesive dental material 
(preferably high-viscosity glass-ionomer cements) which simultaneously seals 
any remaining pits and fissures at risk.  
The potential of ART to cause less discomfort to the patients has been 
ascribed to the use of hand instruments only, which avoids unpleasant noise or 
vibration and, in many cases, the need for local anesthesia [34,35]. These 
features of the technique are essential in reducing anxiety in patients and could 
prove considerably more beneficial than using rotary instruments in 
conventional restorative procedures in intellectually and/or physically impaired 
patients. 
Anecdotal rather than scientific information has shown that ART has 
been successfully applied in people with disability [12,36], combining the 
benefits of a less invasive caries removal method with application of a smart 
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restorative material, such as a glass-ionomer cement. However, it must be 
stressed that even using a more friendly approach in caries lesion treatment 
does not mean that ART could be carried out without attention to detail: 
insufficient caries removal or contamination of the cavities with saliva during the 
restorative procedure would most probably end up in a failure [37]. 
A large number of clinical trials have found that the survival of ART 
sealants and restorations is more than acceptable and has increased 
throughout the development of the ART approach [38]. A significant number of 
clinical studies and meta-analyses have shown that the best results were 
obtained for single-surface ART restorations after more than 6 years of follow-
up [39-43]. One key aspect related to the improvement of long term clinical 
outcomes is the enhancement of restorative ART materials [44]. One such 
improvement is the development of encapsulated glass-ionomer cements. 
Although these cements have been shown to have increased mechanical 
properties [45], further improvements in their composition are still required, as 
are studies assessing their efficacy in multiple-surface ART restorations. 
From the start, ART was meant to reduce global inequalities in access to 
oral health care. Such inequalities have been addressed in articles covering the 
dental needs of people requiring special care, showing low utilization of dental 
services by these people [2,5]. Introduction of the ART concept in Special Care 
Dentistry as one of the main topics in a research agenda might contribute to 
closing of the gap between the provision of dental care and treatment needs in 
this section of the population [46].        
 
1.7  Rationale of the PhD research  
The modern concept of minimal intervention dentistry appears to be quite 
suitable for treating carious lesions in mentally or physically disabled patients. It 
minimizes the use of drills and local anesthesia which may represent barriers to 
the treatment of carious lesions in this group of patients. In view of the barriers 
that need to be overcome in treating patients with disabilities, and the features 
of the ART approach, ART could provide a simple solution to a great challenge. 
Avoiding the vibration and noise of rotary instruments and the potential fear of 
dental needles used in administering local anesthesia, ART could be a great 
18 
 
contributor to successful and safe access to carious lesion treatment in patients 
with disabilities.  
A first step in preparing to arrive at a suitable caries management 
treatment model of quality for use in people with disabilities was to study 
existing preventive and restorative care programmes through a systematic 
review. 
All available strategies reported in the literature, for managing caries in 
people with disabilities shall be explored. The opinions of experts regarding the 
suitability of these strategies and their perceptions of a need for finding new 
alternatives such as ART will be studied. Such a study will help to define the 
views of potential users of the ART approach and the importance of the 
availability of scientific evidence of its usefulness in people with disabilities. 
The evidence needs to be derived from clinical studies. Therefore, a pilot 
clinical trial covering patients with disability who have been referred to the 
University Dental Hospital in Cordoba, Argentina for caries treatment will be 
conducted, to assess ART restorations in comparison to conventional 
restorative treatment. The study aims to identify patients with disabilities for 
whom treatment using the ART approach is suitable. Its effectiveness in terms 
of survival of restorations, feasibility, acceptance and level of satisfaction of the 
treatment provided will be assessed. 
Characteristics of patients with disabilities (difficult accessibility of the 
lesions, drooling and saliva contamination of the cavities during the filling 
procedure, strong grinding, inability to stay steady and inability to cooperate 
during the procedures) will be considered. Mechanical properties of four 
restorative materials will be assessed before the start of the clinical trial, to 
determine the most appropriate restorative material for use in patients with 
disability. For these in vitro studies Ketac Molar Easymix (3M Espe), Equia 
System (GC), Chemfil Rock (Dentsply) and Fuji IX Gold Label (GC) will be 
tested. 
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1.8  Aims of the PhD study 
 
The primary aim of this PhD research was to investigate the Atraumatic 
Restorative Treatment approach as a suitable and effective care model for 
treating dental caries in patients with intellectual and/or physical disability.  
  
The specific aims of the research are: 
 To describe the evidence of preventive and therapeutic strategies to 
control dental caries in people with disabilities; 
 To investigate the suitability of the ART approach among dentists 
treating people with disability; 
 To identify the most appropriate glass-ionomer cement for the 
implementation of the ART technique in patients with a disability; 
 To assess the suitability of ART among patients with a mental and/or 
physical disability;  
 To determine the effectiveness of the ART approach in patients with a 
mental and/or physical disability after 12 months. 
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Abstract  
 
Caries may constitute an additional problem to people with disabilities. 
Individuals' physical and intellectual impairments as well as insufficient 
availability of appropriate services are addressed as barriers to oral health care 
in this population. The present study aimed to determine the current strategies 
applied for the prevention and treatment of dental caries in people with special 
needs by means of a systematic review of dental literature.  Three databases 
were searched from January 1991 up to 1st February 2011. Randomized 
clinical trials, case-control, cohort studies and systematic reviews on preventive 
or restorative programmes related to dental caries in people with disabilities, 
published in English, Spanish, Portuguese, French and German languages 
were included for analysis. Only eight papers met the inclusion criteria; five 
referring to caries preventive, and three to restorative care programmes. Owing 
to the heterogeneity, quality, number, types and outcomes of the studies 
included in this review, it was not possible to extract a common strategy for the 
prevention and treatment of dental caries in people with disabilities. In light of 
the urgent need for such strategies for this population, it is suggested that 
international associations dealing with the production of scientific evidence, and 
those related to disability and oral health, must promote the development of 
quality research in order to propose guidelines for the prevention and treatment 
of dental caries in disabled people. 
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Introduction 
Oral health among people with disabilities requires serious attention from 
the dental profession. Pathologies of the hard and soft tissues, as well as those 
related to functional aspects such as speech, swallowing, chewing, breathing 
and facial expression are frequently observed in this population [1]. In particular, 
lack of access to dental treatment of dental caries and its sequellae is a cause 
of great distress and suffering for many physically and/or mentally disabled 
people and their families [2,3].  
Although the etiological factors of dental caries are the same for people 
with and without disabilities, specific medical conditions and the use of certain 
medications may increase the probability of amplified caries activity in those 
with disabilities [3,4]. Physical impairment, often associated with mental 
retardation, may further compromise the ability of people with disabilities to 
maintain good oral care practices and to cooperate successfully during 
maintenance procedures [5].  
A number of oral epidemiological surveys covering people with 
disabilities have been published. A recent systematic review revealed that 
adults with intellectual disabilities (ID) had an equal to lower prevalence of 
dental caries but a higher prevalence of periodontal disease than experienced 
by the general public [6]. The major differences between the two groups were 
the lack of oral care, the increased number of untreated tooth cavities and the 
low utilization of preventive strategies in the ID group. 
 Management of oral health for people with disabilities is diverse. Barriers 
to the provision of oral care may, therefore, vary from behavior management to 
physical and emotional contention. Maintenance of good oral health is very 
frequently reliant upon the availability of caretakers, their knowledge of how to 
prevent preventable oral diseases and their motivation to consider oral health 
important for the well-being of the disabled person [7].  
The most common problem in treating cavitated carious lesions 
restoratively is related to people’s inability to cooperate during ordinary dental 
care procedures, especially when they are too lengthy or somewhat painful [8]. 
Dental anxiety is increased if procedures are associated with needles and / or 
the use of rotary instruments, making it even more difficult to treat them during 
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subsequent visit [9]. Drooling and the resultant unintentional loss of saliva from 
the mouth can considerably affect the setting of moisture-sensitive restorative 
materials [10]. 
 The prevention and restorative treatment of carious lesions in people with 
disabilities could be improved if dental professionals would be supported by 
clinical guidelines. A first step in developing such guidelines is to carry out a 
systematic review of the available literature addressing these topics.  
 The aim of the investigation is to carry out a systematic review into 
preventive and restorative treatment programmes used for managing dental 
caries in disabled people of different ages. 
 
Material and Method 
Three electronic databases, PubMed, Medline and LILACS (Latin 
American and Caribbean Health Science Literature) were searched and all 
publications listed in the databases from 1st January 1991 to 1st February 2011 
were included. Before starting the search, different combinations of MeSH 
terms, limits and Boolean operators were tested, in order to define those that 
could include the highest number of relevant publications. The final strategy 
used is presented in Table 1. Contacts with experts were made in an attempt to 
retrieve additional relevant publications.  
 
Table 1. List of MeSH words and limits used in the final literature search 
“Dental Caries/therapy”[Mesh] AND (“Dental 
Care for Disabled”[Mesh] OR “Disabled 
Persons”[Mesh] OR “Disabled Children”[Mesh] 
OR “Mentally Disabled Persons”[Mesh] OR 
“Communication Aids forDisabled”[Mesh]) AND 
(has abstract[text] AND (Clinical Trial[ptyp] OR 
Randomized Controlled Trial[ptyp] OR Clinical 
Trial, Phase I[ptyp] OR Clinical Trial, Phase 
II[ptyp] OR Clinical Trial, Phase III[ptyp] OR 
Clinical Trial, Phase IV[ptyp] OR Controlled 
Clinical Trial[ptyp] OR English Abstract[ptyp] 
OR Journal Article[ptyp]) AND (English[lang] 
OR French[lang] OR German[lang] OR 
Spanish[lang] OR Portuguese[lang]) 
AND (“1990/01/01”[PDAT]: 
“2011/02/01”[PDAT])).”2 
011/02/01”[PDAT])). 
(“Periodontal Diseases”[Mesh] NOT 
“Surgery, Oral”[Mesh] NOT 
Editorial”[Publication Type] NOT 
“Letter “[Publication Type] NOT “Case 
Reports”[Publication Type] NOT 
“Review”[Publication Type]) 
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References of included publications were hand-searched in order to identify 
studies that had not been retrieved from the electronic databases search.   
 The inclusion criteria were divided into three sections.  
1) Type of studies. These concerned randomized, controlled (clinical) trials, 
cohort studies, case control studies and systematic reviews on preventive and 
restorative intervention programmes published in English, Portuguese, Spanish, 
French and German languages. If only a relevant title without a listed abstract 
was available, a full copy of the article was obtained and assessed.   
2) Type of participants. People of any age and gender, presenting any type of 
disability. The intention was to include only publications having a control group 
(non-disabled people). As only a few publications with this condition were found, 
this inclusion criterion was dropped.  
3) Type of interventions. Preventive and/or restorative intervention programmes 
for managing dental caries.  
Studies were independently assessed for type of disability, study methodology, 
baseline caries experience scores, preventive and restorative intervention 
programmes and study outcomes by 2 reviewers (GFM, SCL) and double-
checked (JEF). Disagreements among the examiners were resolved through 
discussion until agreement was reached.  
The level of evidence of the retrieved publications was assessed, using 
the criteria described in Table 2.  
 
Table 2. Criteria for assessing the level of evidence of included publications 
Level of Evidence Description  
I Systematic review of level II studies 
II Randomized controlled trial (RCT) 
III-1 A pseudo-RCT (alternate allocation of some other method) 
III-2 A comparative study with concurrent controls; non-
randomized experimental trial; cohort study, case-control 
study; interrupted time series with a control group 
III-3 A comparative study without concurrent controls; historical 
control study; two or more single arm studies 
IV Case series with either pre-test / post-test outcomes 
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Figure 1. Flow chart of included publications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results 
A flow diagram of the systematic search is presented in Figure 1. A total 
of 8 publications were suitable for final analyses; 5 related to caries-preventive 
programmes and 3 to restorative treatment programmes.  
 
Caries-preventive programmes 
Table 3 provides a summary of key information obtained from the 
included studies on caries preventive programmes. The quality of the included 
studies was rated between level II and level III-3. Only one randomized 
controlled trial was identified. The sample size of 2 studies [11,12] was very low, 
Potentially relevant publications 
(n=75) 
Excluded after reading abstracts (n= 56) 
   Case reports (n=15) 
   Narrative reviews (n=16) 
   Reviews not related to preventive / 
restorative programmes (n=25) 
Potentially appropriate 
after reading the 
publications (n=19) 
Excluded after reading publications (n=12) 
 Reviews unrelated to preventive / restorative 
programmes (n=2) 
 Studies unrelated to preventive / restorative 
programmes (n=5) 
 Narrative reviews (n=3) 
 Publication in German: unretrievable (n=1) 
Case series (n=1) 
Included after hand search (n=1) 
 
Publications with usable information by 
outcome (n=8) 
 Preventive programmes (n=5) 
 Restorative treatment programmes (n=3) 
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whilst the duration of all 5 studies was limited; 30 months being the longest. 
Except for one study [11], drop-out rates were substantial considering the short 
study durations. Subjects studied were mentally/intellectually disabled people 
[7,11], physically disabled people [12,13] and a combination of the two groups 
of disabled people [14]. Elderly people with disabilities were the subject of 
investigation in 2 studies [12,14], while children and young adults participated in 
the remaining 3 studies [7,11,13].  
 The caries-preventive programmes all differed. Homogeneity was not 
observed. Two studies investigated the effect of chlorhexidine varnish, fluoride 
gel and fluoride varnish on caries incidence rates [7,12]. No difference was 
observed between the preventive agents in both studies and a caries-reducing 
effect was observed in only one study [12]. One programme dealt with plaque 
control measures [14], one assessed the effect of xylitol- containing candies 
[13] and one investigated the effect of comprehensive preventive treatment, 
including the application of sealants [11]. All three programmes showed some 
caries-reducing effect but the magnitude was low.  
 
Restorative treatment programme 
Table 4 provides a summary of key information obtained from the 
included studies on restorative treatment programmes. The quality of the 
included studies was rated between level II and level III-2. Only one randomized 
controlled trial was identified. The sample size in two studies was very low 
[8,15] and drop-out rates had not always been provided.  
Intellectually disabled people and people with special needs (undefined) 
were the subject of investigation. The majority of studies were carried out 
amongst the younger part of the population [15,16]. One study investigated the 
survival of restorations [8], whereas the other two assessed the effect of 
restorative care on behavioural reactions of the people studied [15,16]. In all 
included studies, tooth cavities were restored with either high-viscosity 
conventional, or resin-modified, glass-ionomer and they all tested a 
chemomechanical caries removal gel, which was accepted by the study 
participants but prolonged the treatment time. In one study, the ART approach 
was used [8]. Homogeneity of restorative treatment programmes was lacking. 
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Table 3. A summary of key information obtained from the included studies 
on caries preventive programmes 
 
Authors Type of 
study 
Study 
methodology 
Preventive programme 
 
Initial 
DMFS 
Final 
DMFS 
Outcome Level of 
evidence 
Johnson 
and 
Almqvist, 
2003  
Quasi 
RCT / 
Pilot 
study 
Physically 
dependent 
people: sample; 
15 individuals, 45 
to 89 yrs: 
dependant 
variable; active 
primary root 
carious lesions 
(yes/no): drop-out 
of 25% at 18 
months 
Group 1: professional tooth cleaning 
and application of tap water 
flavoured with eucalyptus oil; Group 
2: professional tooth cleaning and 
application of Cervitec, 
(chlorhexidine varnish); Group 3: 
professional tooth cleaning and 
application of Cervitec and Fluor 
Protector (fluoride varnish). Every 
three months for 18 months, each 
subject received the treatment twice 
within a 10-day interval. One oral 
hygienist 
n/a n/a All 
interven-
tions were 
able to 
arrest 
caries pro-
gression. 
No 
significant 
difference 
between 
groups 
III-1 
Ersin and 
Oncag, 
2006  
RCT Intellectually 
disabled people: 
sample; 90 
individuals, 12 to 
15 yrs: dependant 
variable; caries 
increment 
(DMFS): drop-out 
of 42% at 12 
months  
Subjects received full mouth 
rehabilitation under GA before 
starting the programme and then, 
were  randomly allocated to three 
groups: 1) Application of Cervitec 
(clorhexidine varnish), re-applied 
every three months; 2) Semi-annual 
application of fluoride gel (NaF 2%) 
during 4 minutes; 3) Semi-annual 
application of Bifluoride 12 (fluoride 
varnish). Follow up at 1 year. 
Mothers of participants from all 
groups brushed teeth twice a day 
using a fluoride containing 
toothpaste (1500 ppm). Dentist 
Mean 
DMFS 
Cervi-
tec: 
10.1 
Fluo-
ride 
gel: 
9.8 
Bi-
fluorid 
12 : 
10.6 
Mean 
DMFS 
Cervi-
tec:10.
8 
Fluo-
ride 
gel: 
10.8 
Bi-
fluorid 
12: 
12.0 
No 
significant 
difference 
between 
the three 
groups 
II 
Mojon et al, 
1998.  
Quasi 
RCT / 
Parallel 
group 
Mentally/physicall
y impaired 
people: sample; 
116 individuals, 
mean age 84 yrs: 
dependant 
variable; caries 
increment in 
crown and roots 
(cavitation): drop-
out; 31% (exp) 
and 33% (cont) at 
18 months 
Two groups from the same 
institution: 1) Experimental group: 
Care givers are instructed regarding 
oral health care, participants are 
provided with a oral hygiene set 
containing toothbrushes and fluoride 
toothpastes, recalls are established 
according to participants needs but 
not longer than every 6 months, 
dental treatment under requirement. 
Hygienist did scaling. 2) Control 
group: Dental appointments on 
request. 
n/a n/a No 
changes in 
plaque. 
Reduction 
of caries 
pro-
gression in 
experi-
mental 
group 
III-1 
Honkala et 
al., 2006   
Clinical 
trial 
Physically 
disabled people: 
sample; 145 
individuals, 10-27 
yrs: dependant 
variable; caries 
increment 
(cavitation): drop-
out 17% (exp) 
and 20% (cont) at 
18 months 
Two groups: 1) Study group 
received Xylitol candies three times 
a day, after breakfast and lunch and 
before leaving the school, from 
Mondays to Fridays, during 18 
months. No further 
recommendations were given. 
2) Control group, those students 
who did not return a positive 
informed consent, were examined as 
a part of a regular national 
screening. School nurse 
Mean 
DMFS 
Expe-
riment: 
8.2 
Con-
trol: 
9.8   
Mean 
DMFS 
Expe-
riment: 
7.1 
Con-
trol: 
13.2 
Decrease 
in mean 
DMFS 
experi-
mental 
and 
increase in 
contol 
group, 
although 
reduction 
in DMFS 
is unlikely.  
III-2 
Shapira 
and 
Stabholz, 
1996 
Cohort, 
without 
control 
People with 
Down‘s 
syndrome: 
sample; 20 
individuals, 8 to 
13 yrs: dependant 
variable; caries 
increment 
(cavitation) and 
plaque reduction: 
drop-out; 0% at 
30 months 
 
20 participants followed up during 30 
months. Intervention: a)oral health 
care education and  oral hygiene 
instructions for caregivers, parents 
and participants; b) periodontal 
maintenance treatment by dental 
hygienists every 4 months; c) dental 
maintenance by dentists, sealing 
new erupted molars, re-sealing 
those that had been lost and treating 
new caries lesions.  
Mean 
DMFS 
1.4 
Mean 
DMFS 
1.1 
Decrease 
in DMFS 
and in 
plaque 
index, 
although 
reduction 
in DMFS 
is unlikely. 
III-3 
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Table 4. A summary of key information obtained from the included studies 
on restorative treatment programmes 
 
Authors Type of 
study 
Study 
methodology 
Restorative treatment 
programme 
Behaviour 
management 
Dependent 
variable 
Outcome Level of 
evidence 
Molina 
and 
Kultje, 
2003 
RCT / 
quasi 
 
Intellectually 
disabled 
people: 
sample; 25 
people, 4 to 
65 yrs 
(mean 16 
yrs) 
ART with and without 
a chemomechanical 
caries removal gel, 
restored with GIC: 
28 cavities (ART 
without); 47 cavities 
(ART with) without 
local anesthesia; one 
dentist 
Conventional 
management 
Survival of 
restorations 
after 1 year 
95.7% survival of 
ART with chemo-
mechanical and 
78.6% survival for 
ART without 
(statistical 
significant 
difference). 
All patients 
accepted the 
treatment without 
the need of other 
behavior 
management 
techniques. 
III-1 
Guaré 
et al., 
2008 
RCT / 
block 
randomi
sation 
People with 
Down’s 
syndrome: 
sample 10 
people, 5-12 
yrs  
Caries removal 
conventional with burs 
(n=5)and with a 
chemomechanical 
caries removal gel 
(N=5), restored with 
GIC under local 
anesthesia; one 
dentist 
Conventional 
management 
Behavior 
and 
physiological 
changes 
during 
treatment 
Heart rate and 
treatment time 
higher for chemo-
mechanical 
treatment. Other 
parameters (blood 
pressure, oxygen 
saturation, 
anxiety) no 
significant 
difference 
between 
treatments. 
II 
Carrillo 
CM et 
al., 
2008 
Compar
ative 
study 
with 
concurre
nt 
controls 
People with 
special 
needs: 
sample; 51 
people, 3-10 
yrs 
Chemical caries 
removal with 
Papacárie gel used in 
people with (group 1) 
and without motor 
disability (group 2); 
N=138 teeth; no local 
anesthesia; glass-
ionomer 
Conventional 
management 
Time for 
complete 
caries 
removal; 
acceptance 
of treatment 
Completed caries 
removal with 
Papacárie gel took 
on average 8 
minutes per tooth 
(7 and 10 min for 
group 1 and 2, 
respectively). Its 
application was 
well accepted by 
the patients in all 
phases and in the 
first and 
subsequent visits. 
III-2 
 
Discussion 
The systematic search of publications related to programmes geared to 
prevention and treatment of caries lesions in people with disabilities, resulted in 
only a few suitable publications, which were very diverse in its implementation. 
Most of the excluded publications referred to case reports, which shared 
valuable information for guiding dentists in situations of rare medical diagnosis 
and subsequent treatment. Such publications cover experiences that may or 
may not apply in other similar cases. However, when recommendations that 
should be applicable to a larger group of disabled people are required, evidence 
of success of caries prevention and care programmes in comparative / 
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analytical studies needs to be sought.  
 Different factors might explain the lack of well-designed randomized 
clinical trials regarding both preventive and restorative approaches appropriate 
for use in patients with disabilities. It is known that this type of study design is 
the most appropriate for approval of clinical treatments and the introduction of 
new or modified dental materials prior to marketing [17]. When the evidence 
provided by clinical trials carried out in dentistry in general was analysed, it was 
observed that the number, the design and the power of studies developed to 
address a clinical question are often inadequate [18]. In addition most of the 
trials selected in the present systematic review grouped individuals [7,8,12-
14,16] with different disabilities, which made comparisons between them 
difficult. This strategy was probably used to increase the sample size, as the 
type of disability itself can be an additional barrier to setting up longitudinal 
studies with sequential follow-up visits.  
 Considering that randomized clinical trials are ideal for comparing 
different therapeutic interventions, it is a matter of great concern that just two 
studies truly randomized [7,15] were included in the present systematic review. 
The control of bias and the equal distribution of known confounding factors 
between groups are among many advantages that this kind of study presents. 
However, some of its big disadvantages are related to the fact that it might take 
a long time to obtain outcomes and possibly a long time to enroll patients [19]. 
For those reasons and because it can be quite difficult to set up a clinical study 
comprising all these aspects for patients with physical and/or motor impairment, 
we decided to broaden the inclusion criteria and to accept other types of 
studies, such as non-randomized clinical trials. Nevertheless, this strategy did 
not significantly increase the number of eligible papers, showing that there is an 
urgent need to increase the number of well-designed publications carried out in 
this field.   
Besides the number and the level of evidence of the publications 
retrieved as a result of a literature search that are shown in table II, their quality 
should also be assessed in the process of establishing the evidence that a 
systematic review can provide. This means that each study must be assessed 
according to the likelihood that bias, confounding and/or chance might have 
influenced its outcomes [20]. Attention should be given to methodological 
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aspects such as, subject's selection and allocation, follow-up, measurement and 
analysis in order to minimize the introduction of bias at any stage of the study.  
In the present systematic review, although half of the publications 
[7,8,12,14] stated that patients were randomly allocated into experimental 
and/or control groups, none provided information about how the randomization 
process was performed. In one paper [15], although the abstract section defines 
the study as being a prospective controlled randomized trial, no information in 
support of this claim was provided in the text.  
 Another aspect that calls for attention is the reduced number of people 
enrolled in the publications and their inability to be accounted for, at the follow-
up visits. Although small, underpowered but sound studies can be considered in 
the evidence base if their findings are generally equivalent. Nevertheless, it is 
very important that, at least some larger studies that test size effect can be 
included in a systematic review [20].  
 The quality of a publication is improved if the description of the training of 
operators/examiners, their calibration and the blindness of people (patients and 
staff) involved in the research, are correctly presented. It was observed that 
authors of the publications included in this systematic review had described 
these aspects better than those related to randomization and concealment 
allocation. In summary, the lack of information about how studies were 
conducted and how data had been analyzed had a negative impact on their 
internal validity, showing that methodological aspects still need to be addressed 
by the scientific community in this field of oral care. 
A recently published systematic review regarding oral health of patients 
with intellectual disabilities (ID) stressed the need to develop strategies for 
increasing patient acceptance of routine dental care and to introduce more 
effective preventive strategies for minimizing the need for restorative care [6]. 
The present systematic review attempted to elicit information, not only about 
caries preventive programmes but also about restorative treatment 
programmes. The present review showed that no uniform preventive nor 
restorative treatment programme could be retrieved, while preventive methods 
based on a combination of plaque control, fluoride gel and varnish application, 
chlorhexidine varnish and sealants were acceptable for people with disabilities 
but the caries reducing / arrestment effect was modest. The restorative 
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treatment programmes had in common the use of a high-viscosity glass-
ionomer and resin-modified glass-ionomer, in addition to the use of a 
chemomechanical caries-removal gel. The review findings show that caries 
management in people with disabilities seems to be unstructured and that 
evidence of a specific preventive and/or care programme is not yet available. 
Clinical guidance can, therefore, not be produced. 
There is a high prevalence of people suffering from some type of 
disabling condition [21], regardless of the many different indicators taken into 
account to define this specific group. Furthermore, availability and access to 
preventive and therapeutic dental care has been found to be inadequate [2,22], 
as has the education of graduate students with regard to the provision of 
treatment to patients with special needs [2,23]. Those facts call for action. 
International organizations such as the International Association for Disability 
and Oral Health (IADH), the Special Care in Dentistry (SCD), the IADR, FDI and 
WHO, should give greater priority to the oral health of people with disabilities. 
Guidance should be provided regarding the development of an international 
agenda of relevant research topics. Research methodology should be included 
or made mandatory in specialization courses for special needs dentists. At least 
the need for guidelines for treating people with different disabilities should be 
placed on the agenda of the forthcoming congresses of the IADH or SCD. 
 
Recommendations for further research 
Randomized clinical trials provide the highest level of evidence for testing 
intervention effectiveness. Why so few RCTs were observed among the 
included publications? Was it because professionals that treat people with 
disabilities have insufficient interest in carrying out studies that comply to the 
high levels of science or is it difficult to adhere to all the requirements for 
conducting a RCT in a study group that consists of people with disabilities? This 
question is difficult to answer, as there may be no truth in both. Based on 
reading many of the retrieved publications, it seems advisable that those that 
wish to start a study in this special group of people, should concentrate on  
studying one type of disability. A number of included studies had grouped 
people with different types of disabilities. It was noticed that the sample in many 
studies contained only a few individuals. This may be due to the relatively few 
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people with a specific disability that consult a health centre of dental practice in 
a given time span. If that is the case it is advisable to contact additional centres 
and practices that treat such people in the vicinity before starting a study. It 
would increase the sample size and subsequently, it would increase the 
reliability of the outcomes. Multi-centre studies have an increased external 
validity, which adds to the quality of the study outcomes. The lack of quality 
research papers should be a concern of the professional associations, local and 
international. 
 
Conclusions 
It is concluded that the present systematic review did not lead to the 
discovery of strategies for caries preventive and restorative care in people with 
disabilities. More and high quality research is required. International oral health 
organizations should spearhead the promotion of oral health, based on scientific 
evidence, for people with disabilities.  
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Abstract 
It has been suggested that Atraumatic Restorative Treatment (ART) may be a 
particularly useful option in the treatment of persons requiring special care 
dentistry, but the use of ART has been little reported in this population. For any 
procedure to be applied in a healthcare system, its suitability and acceptance 
amongst care providers should first be investigated. This study aimed to obtain 
the opinions of experts in special care dentistry regarding the suitability of the 
ART approach for treatment in persons with disability. 30 expert participants 
from around the world completed a questionnaire survey. All respondents 
reported having full or moderate knowledge of ART (23.3% and 63.3% 
respectively), and 66.7% indicated that they felt the technique was useful for 
this population. However, only 50% of respondents used the technique regularly 
in their practice and 5 (16.7%) replied that they would never use it, even if a 
favourable evidence base for ART use in this population became available. The 
barriers to the introduction of ART to special care dentistry are discussed and 
the need for training and further research highlighted. 
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Introduction 
Poor oral health is an acknowledged problem amongst adults and 
children with disability. Inequalities between populations with disability and the 
general population have specifically been reported in terms of high levels of 
untreated disease in populations with behavioural problems affecting receipt of 
treatment, in those individuals living in institutional settings, and for those 
patients acquiring disability later in life[ 1-7]. In addition, these populations have 
been shown to have very reduced access to preventive strategies [7-9]. 
The population of adults and children with disability represents an 
extremely diverse and heterogeneous group. One definition of the population 
requiring special care in dentistry is ‘persons with a disability or activity 
restriction that directly or indirectly affects their oral health, within the personal 
and environmental context of the individual’ [10]. This definition is derived from 
the WHO International Classification of Functioning (World Health Organisation, 
2001) [11] and includes all types of impairment and medical disability, and all 
age groups, but restricts the population to those with an oral health impact. 
Various disabilities and activity restrictions have been identified that negatively 
impact on access to restorative and preventive care, the most important of 
which is ability to cooperate with treatment due to communication difficulties 
and high levels of anxiety [12-16]. When conventional treatment proves 
unfeasible and preventive strategies are not applied, treatment need tends to 
accumulate and sedation or general anaesthesia may become necessary. 
These techniques are costly financially and reduce the integration of persons 
with disability into the mainstream health care system. They rarely improve 
access to preventive care and may limit treatment to emergency extractions 
rather than to planned oral rehabilitation [8,17-20]. 
A recently published systematic review concluded that the scientific 
evidence regarding the effectiveness of preventive and therapeutic strategies 
for managing dental caries in people with disability was very low [21]. The 
review concluded that the Atraumatic Restorative Treatment (ART) approach 
could be a realistic option to restore dentine carious lesions in this population 
and could also be used as a tool for long term management of carious disease. 
This conclusion corroborates a previous recommendation to investigate the use 
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of ART in people requiring special needs as an alternative to traditional care 
approaches when faced with behavioural difficulties [22]. 
The ART approach is framed by the Minimally Invasive Dentistry concept 
that aims to manage dental caries by providing optimal preventive care and 
minimally invasive operative interventions [23]. ART involves the removal of 
soft, completely demineralised carious tooth tissues with hand instruments, 
followed by the restoration of the cavity with an adhesive dental material 
(currently a high-viscosity glass-ionomer) that simultaneously seals the 
remaining pits and fissures. In addition to the restorative aspect, the ART 
approach includes a preventive aspect through sealing caries-prone pits and 
fissures with a high-viscosity glass-ionomer, the so called ART sealant [24]. The 
ART approach was introduced to the dental profession some 25 years ago and 
has always been research driven, with over 190 research publications covering 
all aspects of the technique since its inception [25]. ART has been adopted by 
the WHO as part of its Basic Package of Oral Care (BPOC) [26]. The use of 
ART has, however, been little reported in populations with disability [21]. 
 For any new procedure to be applied in a healthcare system, its 
suitability and acceptance amongst patients and care providers should first be 
investigated. The present study was designed to obtain the opinions of experts 
in special oral care regarding the suitability of the ART approach for restoring 
dentine carious lesions in patients with disability.  
 
Materials and methods 
Study design 
Information regarding the suitability of the ART approach was obtained 
through a semi-structured questionnaire that was presented to a group of 
international Special Care Dentists attending an academic meeting on Disability 
and Oral Health. 
 
Questionnaire development 
No questionnaire was available in the literature regarding the perception 
of Special Care Dentists on the suitability of the ART approach for managing 
dentine carious lesions in patients with disability. Therefore, a questionnaire had 
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to be developed. The prototype was developed in English by the authors. This 
was then submitted to 5 Special Care Dentists from different countries with full 
command of the English language. Feedback resulted in the second draft which 
was developed by the authors with assistance from a biostatistician. This draft 
was presented to a focus group of 10 Special Care Dentists from Córdoba, 
Argentina who had a good command of the English language. Feedback 
resulted in the final questionnaire that was presented to 30 delegates 
representing 21 different countries during the International Association of 
Disability and Oral Health Task Force Meeting (SCiPE) in Antalya, Turkey, 
hosted by the Association of Dental Education in Europe in September 2011. 
The questionnaire consisted of three sections. Questions were related to: 
1) background information from the respondents regarding age, gender, country 
of residence, year of graduation, experience in treating patients with disability 
and their views regarding treating caries in this population (6 questions); 2) 
specific information about the respondents´ knowledge, attitude and behaviour 
regarding the use of the ART approach (4 questions); 3) strengths, 
improvements and barriers of ART (3 questions) in people with disability. All 
questions had proposed answers except the question on barriers which was 
open-ended. 
Statistical analysis 
Data were entered into Excel® and analysis was undertaken by a 
biostatistician from the Dental School in Nijmegen, the Netherlands. Frequency 
distributions of variables were calculated and a Chi-Square test was applied to 
test for differences between variables. Considering the sample size, no multi-
level analysis was performed. 
 
Results 
 
Background information 
A total of 30 participants (100% response rate), 18 females and 12 
males, representing 21 different countries (11 from European countries, 4 from 
South America, 2 from North America and 2 from Oceania) responded.   
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Table 1. Respondents 
 
Number of participants 30 
Number of countries represented 21 
World regions represented Europe (11), Asia (4), South 
America (2), North America (2), 
Oceania (2) 
Proportion of females 18 60% 
Experience  
Less than 5 years 2 6.7% 
5 to 9 years 4 13.3% 
10 or more years 24 80.0% 
Days a week treating patients with 
disability 
 
1-2 days a week 9 30.0% 
3-4 days a week 13 43.3% 
5+ days a week 8 26.7% 
 
Eighty percent of respondents had been working in the field of Special Care 
Dentistry for 10 years or more. Dental services to people with disability were 
provided full time by 26.7% of respondents, between 3 to 4 days a week by 
43.3% and 1 to 2 days a week by 30% of respondents (Table 1).  
In asking the experts for the most important aspects to consider when 
treating dentine carious lesions in patients with disability, 96.7% responded 
‘avoiding pain’, 90% stated ‘providing a sustainable restoration’ and 86.7% 
opted for ‘using reliable restorative materials’ and ‘the speed of producing a 
restoration’ (Table 2). 
 
 
Table 2 Aspects considered important when treating children or adults with 
disability. 
 
 Number (n=30) Percentage 
Avoid pain 29 96.7% 
Provide sustainable restorations 27 90.0% 
Use reliable restorative procedures 26 86.7% 
Speed of restorative procedures 26 86.7% 
Avoid noise 22 73.3% 
Avoid drilling procedures 18 60.0% 
Others (Minimally Invasive Procedures) 4 13.3% 
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Table 3 Knowledge, attitude and behaviour concerning ART 
 Frequency 
(n=30) 
Percentage 
Knowledge of ART  
Full 7 23.3% 
Moderate 19 63.3% 
Vague 4 13.3% 
Could ART be a reliable alternative strategy in 
special needs patients? 
 
Yes 20 66.7% 
Need more scientific evidence 9 30.0% 
Don’t know 1 3.3% 
If reliable scientific evidence showed the 
effectiveness of ART in this population would you 
use it? 
 
Yes 25 83.3% 
Don’t know 5 16.7% 
How often do you use ART?  
Very often 3 10.0% 
Often 12 40.0% 
Rarely 9 30.0% 
Never 6 20.0% 
 
Knowledge, attitude towards, and the use of ART  
All respondents reported having some knowledge of the ART concept. 
The majority reported having full (23.3%) or moderate (63.3%) knowledge of 
ART.  
The majority of experts (66.7%) indicated that the ART approach may 
play an important role in restorative care for people with disability, although 9 
required further evidence (30%) and one was unsure. Regarding the question 
how often they were currently using ART, 10% responded very often, 40% 
often, 30% rarely and 20% responded never (Table 3).  
All five continents were represented in the expert group but there was an 
uneven distribution of respondents. 23 came from developed countries and only 
7 from developing countries as defined by the International Monetary Fund 
Advanced Economies list [27]. There was no significant difference in the use of 
ART between respondents from developing and developed countries (p=ns). In 
addition, current use of ART was not found to be related to gender, experience 
or reported relative importance of certain factors for a restoration (p=ns). 
Current use of ART was not related to knowledge nor to the respondents 
perception of the utility of ART in this population (p=ns). The majority of 
respondents felt that they would be more likely to consider using ART if positive  
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Table 4. Reported strengths of the ART approach 
 
 Frequency 
(n=30) 
Percentage 
Avoids using the drill  27 90.0% 
Patient acceptance 25 83.3% 
Avoids local anaesthesia 24 80.0% 
Uses fluoride-releasing restorative 
materials 
24 80.0% 
Avoids general anaesthesia 23 76.7% 
Arrests cavitated lesions 21 70.0% 
Others (Minimally Invasive Procedures) 5 16.7% 
 
scientific evidence became available (83.3%) although 5 respondents were still 
unsure. There was a significant difference between the 50% using the 
technique and those not using it, in the replies to this question (p<0.05), with 5 
respondents (33.3%) not currently using ART replying that were not sure that  
they would use it even if there were positive evidence (reply: I don’t know) 
compared to none of the regular users. 
 
Strengths, improvements and barriers of ART 
The answers to the question related to strengths, improvements and barriers of 
the use of ART in people with disability are presented in Tables 4, 5 and 6 
respectively. ‘Avoiding using the drill’ (90%) was the characteristic that was 
most often cited as a strength of ART. ‘Improved adhesion of glass ionomer to 
the cavity wall’ (86.7%) was the item that was most often cited as an aspect that 
needed further development. ‘Placing and following up restorations under 
difficult conditions’ was the most cited barrier (36.7%) for introducing ART as a 
reliable caries management concept in children and adults with disability. No 
significant difference was found between those currently using ART or not, for 
opinion of the strengths of the technique or for opinion of aspects that require 
further development. The only barrier that was significantly different between 
users and non-users was that of preconception of ART being a ‘lower quality’ of 
dentistry (p<0.05) – this was cited as a barrier to the introduction of the 
technique by 7 out of 15 regular users of the technique compared to 2 out of 15 
non-users. 
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Table 5. Reported aspects of ART needing further development when used 
in children or adults with disability 
 
 Frequency 
(n=30) 
Percentage 
Improvement of the interface cavity/restorative 
material 
26 86.7% 
Facilitation of decayed tissue removal in difficult 
situations 
24 80.0% 
Improvement of restorative materials 24 80.0% 
Time spent for an acceptable outcome 16 53.3% 
Patient acceptance 13 43.3% 
Others 2 6.7% 
 
Discussion 
This study demonstrated that experts in Special Care Dentistry report 
high levels of knowledge regarding ART (87% with full or moderate knowledge) 
and positive attitudes towards the technique (67% felt it was a reliable strategy).  
However, in terms of behaviour only 50% of respondents used the 
technique regularly. Given the high level of scientific evidence in favour of the 
ART technique when used in other populations [25], the gap between 
knowledge, attitudes and behaviour in this small group of experts is surprising. 
The majority of respondents identified aspects of restorative treatment for 
children and adults with disability compatible with the use of ART (Table 2). 
 
 
Table 6. Perceived barriers to the use of ART in children or adults with 
disability 
 
 Frequency 
(n=30) 
Percentage 
Placing and following up restorations under difficult 
conditions 
11 36.7% 
Pre-conception of a lower quality dentistry 9 30.0% 
Lack of knowledge or scientific evidence 8 26.7% 
Fear of leaving decayed tissue behind  7 23.3% 
Poor longevity of restorations or restorative 
materials 
6 20.0% 
Dentists preference for using high technology 3 10.0% 
Not included in social insurance/Prefer using 
sedation and conventional approach 
3 10.0% 
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Over 70% of respondents were also able to identify the major strengths 
of the technique, all of which are particularly relevant to the population requiring 
special care where behaviour management issues are often paramount. 
The fact that ART can be provided without the need for local 
anaesthesia, without the need for drilling and that it provides a fluoride based 
restoration plus a fissure sealant in one rapid session, should, at least on paper, 
make it the ideal technique for use in patients requiring special care [28,29]. So 
why was the use of this patently ‘Atraumatic’ technique not more widespread? 
The respondents identified certain aspects of the technique that require 
further development including doubts as to the reliability of the restorative 
materials and the difficulty of providing rapid but high-quality treatment in 
difficult situations. 30% felt that further scientific evidence is required to support 
the use of ART in this population. This is a laudable attitude and clinical 
research in the field of disability and oral health has been raised as a major 
issue to improve the evidence that underlies our daily practice as well as the 
teaching in the undergraduate and postgraduate level [30]. However, it is 
important to note that there is virtually no evidence base for any therapeutic 
strategies for managing dental caries in children and adults with disability [21]. It 
would therefore seem that behavioural barriers to the clinical application of ART 
by special care dentists lie more in clinical tradition and professional norms than 
in any truly objective criticism of the technique. This theory is supported by the 
fact that 5 respondents in the present study who do not currently use ART were 
still unsure if they would do so even if ‘reliable scientific evidence showed the 
suitability and effectiveness of the ART approach in this population’. 
It might be hypothesised that professionals from developed countries 
may use ART less frequently and perceive it less favourably than those from 
developing countries, as they may have alternative solutions to compensate for 
problems of cooperation such as access to sedation and general anaesthesia 
facilities. This hypothesis was not supported by the data of this small study as 
there was no difference in use of ART between respondents from developed or 
developing countries. 
In the current study, respondents were asked an open-ended question as 
to the perceived barriers of the use of ART and were able to answer freely. The 
free answers were then grouped according to content into 7 points. The most 
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frequently cited barrier was the placement of restorations under difficult 
conditions – although any type of restoration can be assumed to be difficult to 
place in this population when cooperation is limited. The use of ART does not 
preclude the use of conscious sedation. It is true that the ART technique 
requires the restoration to be placed into a saliva-free cavity and this reply might 
therefore be related to the common conception that amalgam placement is 
more ‘forgiving’ of local environment. Dentists may be sceptical about the 
longevity of glass ionomer restorations, although there is now ample evidence 
in the literature for the use of these materials [25,31]. Similarly, reticence may 
be shown to the incomplete removal of decayed dentine. 80% of the dentists 
replying to this survey qualified over 15 years ago and it is likely that they were 
all taught that decayed dentine has to be entirely removed. Scientific opinion 
regarding this problem has changed with the development of the Minimally 
Invasive Dentistry concept, but application of the new philosophy is slow even 
within dental universities [32,33]. Most dentists will understandably prefer to 
stay with ‘tried and trusted’ techniques that they feel confident with. This is 
probably even more true when managing patients where the dentist has to be 
quick and efficient, and may not be able to follow up or replace restorations 
easily. This inertia may be compounded by social health systems that do not 
recognise or reimburse ART treatment. 
The most interesting of the barriers cited was the ‘preconception of lower 
quality dentistry’, cited by 30% of respondents. Somehow in the professional, 
and probably in the public psyche, highly technical, preferably expensive, 
treatment has become synonymous with ‘quality’. Why should ART be 
considered a ‘third world’ ‘second rate’ treatment? The Primary Health Care 
Approach was developed by the WHO in 1978 and includes clear statements 
about the use of appropriate, sustainable technology and the importance of 
prevention in the reduction of health inequalities [34]. The development of ART 
has followed these guidelines faithfully so why should this simple, effective, 
evidence-based public health measure be shunned for fear of ‘downgrading’? 
This preconception is particularly surprising as systematic reviews have 
reported no difference in survival rates of single-surface ART and amalgam 
restorations in both primary and permanent teeth [35,36]. It would seem that the 
major issues in oral public health have yet to reach the surgery or office where 
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treatment decisions are being made, even in the domain of special care 
dentistry where professionals are on the forefront of the battle against health 
inequalities. 
The current study obviously has its limits. A small convenience sample of 
dentists was consulted and the questionnaire was not designed to provide a full 
qualitative analysis of the question. However, it may be assumed that dentists 
attending a special interest group meeting might be amongst those who tend to 
keep up-to-date with techniques and therapeutic strategies. Unfortunately, the 
questionnaire did not ask if the respondents had received any formal training in 
the technique, as this might have increased knowledge and experience, and 
reduced reticence. It has always been emphasised that training is necessary in 
order to be able to use the technique efficiently and appropriately [25]. It is also 
likely that the Hawthorne effect was in play – i.e. that the respondents gave 
replies they thought would please the investigator, who was known to the group. 
In which case, knowledge, attitudes and use of ART may be poorer in reality 
than those reported. 
It is clear that the ART approach has limitations as well as advantages 
for use in the population with disability, in the same way that conventional 
treatment has pros and cons. However, it is evident that a well-designed clinical 
trial would be a major contribution to determine the efficacy, feasibility and 
longevity of ART restorations placed in adults and children with disability. 
Further research is also necessary to identify groups of patients for whom this 
technique might be the most beneficial, in particular the dependent elderly, pre-
cooperative children, patients with intellectual or mental disability and 
management difficulties, and the severely medically compromised. This study 
confirms the need for such research in order to aid practitioners in their 
therapeutic choices. 
 
Conclusion 
The 30 experts in Special Care Dentistry included in this questionnaire 
study reported high levels of knowledge regarding ART and positive attitudes 
towards the technique. However, in terms of behaviour only 50% of 
respondents used the technique regularly. Barriers to the implementation of 
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ART in practice were placement of the restoration under difficult conditions and 
the dentist’s preconception of the technique as being ‘lower quality dentistry’. 
Experts suggested that some of these barriers might be overcome by improving 
the evidence base in favour of the technique, specifically in the population with 
disability. 
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Abstract 
 
The Atraumatic Restorative Treatment (ART) approach was suggested to be a 
suitable method to treat enamel and dentine carious lesions in patients with 
disability. The use of a restorative glass-ionomer with optimal mechanical 
properties is, therefore, very important. The aim of this study was to test the 
null-hypotheses that no difference in diametral tensile, compressive and flexural 
strength exists between: (1) EQUIA system and (2) Chemfil Rock (encapsulated 
glass-ionomers; test materials) and Fuji 9 Gold Label and Ketac Molar Easymix 
(hand-mixed conventional glass-ionomers; control materials); (3) EQUIA system 
and Chemfil Rock. Specimens for testing flexural (n=240) and diametral tensile 
(n=80) strength were prepared according to standardized specifications; 
compressive strength (n=80) was measured using a tooth-model of a class II 
ART restoration. ANOVA and Tukey B tests were used to test for significant 
differences between dependent and independent variables. The EQUIA system 
and Chemfil Rock had significantly higher mean scores for all the three strength 
variables than Fuji 9 Gold Label and Ketac Molar Easymix (α=0.05). The EQUIA 
system had significant higher mean scores for diametral tensile and flexural 
strengths than Chemfil Rock (α=0.05). It was concluded that the two 
encapsulated high-viscosity glass-ionomers had significantly higher test values 
for diametral tensile, flexural and compressive strength than the commonly used 
hand-mixed high-viscosity glass-ionomers. 
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Introduction 
 
Managing dentine carious lesions in patients with physical and/or 
intellectual disability represents a challenge. These populations present 
characteristics that are difficult to deal with through application of conventional 
restorative treatment approaches using rotary driven equipment. Problems 
include: poor cooperation during dental procedures because the patients cannot 
remain motionless; difficulty in keeping their mouths open constantly while a 
restorative procedure is performed; difficulties in accessing cavities and gaining 
acceptance of rotary instrumentation, mainly because of the noise; strong 
grinding of teeth and severe drooling [1,2].  
In addition to being a dental caries management approach well-accepted in 
children [3,4], the Atraumatic Restorative Treatment (ART) has been 
recommended as a possible treatment protocol for use amongst people with 
disabilities [5,6]. It was thought that ART could overcome some of the problems 
mentioned above in treating people with disabilities, because it uses hand 
instruments only, which are not noisy. Anecdotal information confirms the above 
to be correct. However, the evidence for the effectiveness of ART in people with 
disabilities is very weak [6]. If ART is to be used amongst such people, well-
designed studies need to be carried out. However, before such a study can 
commence, the availability of a glass-ionomer able to withstand the effect of 
grinding of teeth, often observed in people with disabilities, is needed. Such a 
glass-ionomer should consist of properties like fast setting and high resistance 
against material fracturing and it needs to show high compressive and flexural 
strength after initial setting. Such a restorative would not only be suitable for 
providing restorative care in people with disabilities but could also improve the 
survival rates of multiple-surface ART glass-ionomer restorations in primary and 
permanent teeth [7], which are currently not meeting the American Dental 
Association (ADA) standard for unconditional use of dental materials [8]. 
Several studies have assessed mechanical properties of glass-ionomers 
currently used for ART procedures. The highest performances on flexural and 
compressive strength for hand mixed formulas in vitro have been reported for 
Fuji 9 (GC, Leuven, Belgium) and Ketac Molar Easymix (3M ESPE, Seefeld, 
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Germany) [9-12]. In recent years, two encapsulated glass-ionomers for which 
the manufacturers claim high mechanical properties, have been marketed. 
These are a fast-setting high-viscosity glass-ionomer cement with a nanofilled 
resin coat (EQUIA system, GC, Tokyo, Japan) and a zinc-reinforced high-
viscosity glass-ionomer (Chemfil Rock, Dentsply De-Trey, Konstanz, Germany).  
The aim of the present in-vitro study was to compare diametral tensile 
(DTS), flexural (FS) and compressive (CS) strengths of the two encapsulated 
glass-ionomers with those of glass-ionomers currently in use. The null 
hypotheses tested were: there is no difference in each of the mechanical 
properties (diametral tensile, compressive and flexural strength at final breaking 
point) between: (1) EQUIA system and glass-ionomers commonly used with 
ART; (2) Chemfil Rock and glass-ionomers commonly used with ART; (3) 
EQUIA system and Chemfil Rock.  
 
Material and methods 
 
Approval to carry out this study was obtained from the ethical committee of 
the Dental Faculty, National University of Córdoba, Argentina (CIEIS) with 
reference number 18/2011. The four materials used in the present study are 
presented in Table 1. 
 
Pilot Studies And Power Calculation 
Because of the unavailability of information regarding mechanical properties 
of the two developed encapsulated glass-ionomers, a pilot study was carried 
out in order to calculate the sample size required for the assessment of 
diametral tensile, flexural and compressive strengths. Based on these test 
results, 20 specimens of each test material were required for carrying out the 
DTS test, 60 for the FS test and 20 for the CS test. 
 
Specimen Preparation For DTS Test 
Twenty specimens of 6.0 mm in diameter and 3.0 mm in height were 
prepared for each material. All the samples were made according to ADA  
Specification Number 66 [13]. The environmental temperature was 23±2°C with 
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a relative air humidity of 50±10% and the materials were mixed with a plastic 
instrument on an impermeable mixing paper. After mixing, the cement was put 
into plastic capsules and injected by a commercial syringe (Centrix, Shelton, 
CT, USA) into stainless steel moulds, which had previously been coated with 
vaseline®. The moulds were slightly overfilled with the mixture over which a film 
of plastic was then placed. Finally, it was covered with a glass slide. Hand 
pressure was then applied for 20 seconds, extruding excess material from the 
top of the mould. Two minutes after the start of the mixing procedure, the 
assembly was placed in an oven at 37±1°C and 95±5% relative humidity for 15 
min. Then the specimens were ejected from the mould and stored in 6ml of 
distilled water at 37±1°C for 24 h until being tested. Before storage, specimens 
of the EQUIA system were coated with a nano-filled resin (G-Coat) and light-
cured for 20 s on every surface with a LED device (Elipar Freelight 2, 3M ESPE, 
Seefeld, Germany). 
 
Specimen Preparation For FS Test 
In accordance with the manufacturers´ instructions for use, a total of 60 
specimens of 25mm x 2mm x 2 mm bar-shaped dimensions for each of the four 
selected materials were prepared according to ISO 9917-2 Standard[14] at 
room temperature (23±2°C) by three trained operators, between 9:00 and 11:00 
a.m. After 10 minutes of setting, samples were removed from their moulds and 
immersed in paraffin at 37ºC for 24 h until being tested. Before storage, 
specimens of the EQUIA system were coated with a nano-filled resin (G-Coat) 
and light-cured for 20 s on every surface with a LED device (Elipar Freelight 2, 
3M ESPE, Seefeld, Germany) 
   
Specimen Preparation For CS Test 
The four selected materials were tested in Class II ART-prepared cavities, 
using twenty extracted, non-carious, restoration-free human third molars each, 
stored in tap water at room temperature. Only those molars that ranged in size 
between 10.0 and 11.0 mm at the widest bucco-lingual dimension were 
included in the sample.  
The preparation of the cavities was performed according to the description 
by Koenraads et al [11]. Two trained operators prepared the boxes to simulate 
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class II ART cavities, using a spherical diamond bur (diameter 2.9 mm, 001-033 
HP, Horico, Germany) in a high-speed, water-cooled hand-piece. Finally, the 
cavity surface was smoothed with a medium-sized excavator (153/154, Henry 
Schein, USA). The exact dimensions and standard deviation (sd) of each 
resulting cavity were: 5.80(0.25) mm for the largest bucco-lingual width; 
4.00(0.25) mm width for accessing the cavity from the occlusal surface; 
2.90(0.25) mm for the axial depth (mesio-distal) and an extension of the cavity 
to 1.00(0.25) mm above the enamel-cement junction with an undermined 
enamel at the entire enamel-dentin junction of 0.5 mm. Before the start of the 
restorative procedure, standardization of cavities was tested by means of 
polyether impressions (Impregum, 3M ESPE, Seefeld, Germany) and measured 
with sliding calipers. After application of a Tofflemire matrix band, all cavities 
were dried twice with a cotton pellet, conditioned with a moist cotton pellet 
dipped in the Fuji 9 liquid (GC, Leuven, Belgium) for 10 s washed with cotton 
pellets dipped in distilled water for other 10 s and finally dried with dry cotton 
pellets. Restorative materials were applied to the cavities as described in the 
following sections and were stored in tap water at room temperature for three 
weeks before being tested, repeating exactly the same steps and conditions 
explained by Koenraads et al [11].   
 
Hand mixed GIC’s (Fuji 9 Gold Label and Ketac Molar Easymix):  
The powder and liquid were mixed according to the manufacturers’ 
directions for use, until an homogeneous mixture was achieved within 30 s at 
room temperature (21ºC). The mixture was placed into the cavity in increments, 
using an applier/carver instrument (ART 102-6508; Henry Schein, USA) and an 
Ash 6 instrument (1052/6, Martin, Germany), and pushed into position with a 
medium-sized excavator (153/154, Henry Schein, USA). After placement of the 
final layer, a petroleum jelly-coated gloved finger held the glass-ionomer under 
pressure for 10 s. The excess material was removed with the applier/carver 
instrument and the medium-sized excavator. The restorative procedure was 
completed by placing a layer of petroleum jelly over the glass-ionomer to 
maintain the correct water balance within the restoratives. 
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Table 1- Product name, manufacturer, composition, batch number, expiration 
date and shade of the materials tested 
Product name Manufacturer Components Batch 
no.  
Expiry 
date 
Shade 
Fuji 9 Gold 
Label 
GC Europe 
(Leuven, 
BELGIUM) 
Powder: Fluoro-
alumino-silicate glass, 
polyacrylic acid 
powder 
Liquid: Polyacrylic 
acid, polybasic 
carboxylic acid 
    
N219047     
2013/11 A3 
Ketac Molar 
Easy Mix 
3M ESPE 
(Seefeld, 
GERMANY) 
Powder: Al-Ca-La 
fluorosilicate glass, 
5% copolymer acid 
(acrylic and maleic 
acid) 
Liquid: Polyalkenoic 
acid, tartaric acid, 
water 
      
406641  
2016/06 A3 
ChemFil Rock Dentsply 
DeTrey GmbH 
(Konstanz, 
GERMANY) 
Zinc-modified fluoro-
alumino-silicate glass 
Polyacrylic and 
itaconic acid 
 
1030005
42 
2014/02 A3 
EQUIA system 
(Fuji GP Extra + 
G-Coat) 
GC Asia 
(Tokio, 
JAPAN) 
Fuji 9 GP Extra: 
Water, fluoro-alumino-
silicate glass, 
polybasic carboxylic 
acid, polyacrylic acid 
G-Coat: Methyl 
Methacrylate, colloidal 
silica, 
camphorquinone, 
urethane 
methacrylate, 
phosphoric ester 
monomer 
     
0903039 
2011/11 A3 
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Encapsulated GICs (Chemfil Rock and EQUIA system):  
Each capsule of Fuji 9 GP Extra and Chemfil Rock was mixed for 10 s 
(Ventura Mix III, Madespa S.A.) and the mixture was immediately inserted into 
the cavity. After setting of the EQUIA cement, a layer of G-Coat (GC) was 
applied with a micro brush on the cement surface and light-cured for 20 s with 
an LED curing light (Elipar Freelight 2, 3M ESPE, Seefeld, Germany). Chemfil 
Rock was condensed into the cavity under finger pressure after the finger was 
coated with a very thin layer of petroleum jelly.  
 
Testing Mechanical Properties 
 
Diametral Tensile Strength (DTS) 
The diametral tensile strength test was performed after 1 day of storage. 
Tests were made in a Universal Testing Machine (Digimess MX5000, ARO 
S.A., Buenos Aires, Argentina) using a rounded rectangular testing rod at a 
crosshead speed of 0.5 mm/min. Only samples split into two pieces along their 
diameter after breakdown point were considered for testing. The diametral 
tensile strength (DTS) [kgf/cm2] was calculated as follows: DTS= 2L/p dh, where 
L is the load at fracture [kgf], p=3.14, d is the diameter of the samples [0.6cm] 
and h is the height of the samples [0.3cm]. DTS values [kgf/cm2] were 
converted into MPa as follows: DTS [MPa]= DTS [kgf/cm2] x 0.09807.  
 
Flexural strength (FS) 
Before being tested, specimens were measured with a digital micrometer to 
an accuracy of 0.01 mm. Each specimen was subjected to a 3-point bending 
test on a universal testing machine (Digimess MX5000, ARO S.A., Buenos 
Aires, Argentina) with a rounded rectangular testing rod, at a crosshead speed 
of 1.0 mm/min. The GIC bars were supported by their extremes at a distance of 
20.0mm and loaded at their middle section until fracture occurred. The FS was 
calculated with the following equation: FS=3Fl/2wh2, F being the load at 
fracture, l the distance between the two supporting points (20.0 mm) and wh the 
width and height of the specimens (2.0 mm). 
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Compressive Strength (CS) 
Before being tested, all teeth were imbedded in an acrylic resin block. 
The coronal part of the tooth was exposed only in a direction perpendicular to 
the acrylic base. Samples were positioned in the testing machine as described 
by Koenraads et al, forming a line on each resin block at an angle of 13.5º. 
Restorations were tested, using a rounded rectangular testing rod applied on 
the marginal ridge at a crosshead speed of 1.0 mm/min until failure. In order to 
compare our results with those obtained by Koenraads et al [11], values were 
expressed in Newton.  
 
Statistical Analysis 
 
Data were analyzed by a biostatistician using SAS software. In order to 
compare the results with previous studies, DTS and FS were calculated in 
megapascals (MPa), whereas CS was calculated in Newton. DTS, FS and CS 
were the dependent variables, while the different restorative glass-ionomer 
materials were the independent variables. ANOVA and Tukey B tests were 
applied to determine statistically significant differences between and within 
groups of restorative materials at a α=0.05, with a power of 0.9 one-sided. 
 
Results 
 
The mean and standard deviations for the three strengths tests on the four 
brands of glass-ionomers are presented in Table 2. EQUIA system showed the 
highest mean scores in all the three tests, followed by those of Chemfil Rock, 
while Fuji 9 Gold Label and Ketac Molar Easymix had the lowest mean test 
scores. Both the EQUIA system and Chemfil Rock had statistically significantly 
higher mean scores for all the three strength variables than Fuji 9 Gold Label 
and Ketac Molar Easymix (α=0.05). EQUIA had statistically significant higher 
mean scores for DTS and FS than Chemfil Rock (α=0.05). Mean DTS, FS, CS 
values of the EQUIA system and Chemfil Rock were higher than those obtained 
with Fuji 9 Gold Label and Ketac Molar Easymix; the difference varied between 
11.2% and 72.3% (Table 3).  
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Table 2 - Mean and standard deviation (SD) scores in MPa for diametral tensile 
strength (DTS), flexural strength (FS) and in Newton for compressive strength 
(CS) by the four brands of glass-ionomers  
 DTS 
N      mean   SD 
FS 
N       mean     SD 
CS 
N      mean     SD 
Ketac Molar Easymix 20      7.5a     0.7 60       28.9a    5.4 20    240.3a    37.7 
Fuji 9 Gold Label 20      7.7a     0.5 60       41.8b    6.4 20    271.6a    52.2 
Chemfil Rock 20      9.4b     0.7 60       46.5c    6.8 20    343.1b    68.3 
EQUIA 20    10.0c     0.7 60       49.8d    6.4 20    358.5b    65.7 
 
N= number of specimens 
Different letters denote a statistically significant difference (α=0.05; Tukey test) 
 
 
Table 3 - Percentage increase in mean values for diametral tensile, flexural and 
compressive strength between encapsulated and hand-mixed glass ionomers 
tested in the present study 
 
Materials % of increased 
DTS 
% of increased FS % of increased CS 
Chemfil Rock and 
Fuji 9 Gold Label 
23.3 11.2 26.5 
Chemfil Rock and 
Ketac Molar 
Easymix 
26.6 60.9 42.8 
EQUIA and Fuji 9 
Gold Label 
29.8 19.1 32.1 
EQUIA and Ketac 
Molar Easymix 
33.3 72.3 49.1 
 
More than 30% of increased mechanical properties between the two materials are 
highlighted.  
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Discussion 
In order to test the aim of the present study, three different tests had been 
chosen. Specimens for testing flexural and diametral tensile strengths were 
prepared according to standardized specifications, while an original tooth-model 
that reproduced the situation of a Class II ART restoration [11] was used in 
measuring compressive strength. The purpose of the present study was not to 
determine the best adhesive restorative materials to be used with ART, but 
solely to compare the two encapsulated glass-ionomers with two glass-
ionomers that have been extensively tested in other studies and are currently 
used with this approach. Therefore, a positive control group, e.g. a resin-based 
restorative, was not required in the study design. 
The two null hypotheses; that no difference in each of the physical-
mechanical properties exists between the EQUIA system and the two 
commonly used glass-ionomers or between Chemfil Rock and the same two 
glass-ionomers commonly used with ART, were rejected. The third null-
hypothesis was partly rejected. Overall, the results showed that the two 
encapsulated glass-ionomers had significantly higher values for all three 
mechanical properties tested than the two hand-mixed glass-ionomers 
commonly used with ART. 
The superior results for mechanical properties of the two encapsulated 
glass-ionomers tested in the present study may be due to the additions of 
certain components. The coating agent added to the surface of the glass-
ionomer of the EQUIA system contains a nanofilled resin that may have 
contributed significantly to the increased resistance of the material to 
mechanical forces. This assumption is supported by the results of an in vitro 
study which tested the influence of a resin coat (G-Coat Plus) spread over Fuji 9 
Extra and Ketac Molar Easymix [15].  Other studies have recommended that 
glass-ionomer surfaces, before being contaminated with water, should be 
coated in order to optimize their mechanical strengths [16]. The incorporation of 
reactive glass fillers modified with zinc oxide - which are easily released from 
the matrix - as well as the increment of itaconic acid in the liquid of Chemfil 
Rock, may explain the higher resistance of this new glass-ionomer when 
compared with that of the hand-mixed glass-ionomers, acting as network 
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modifiers that increase reactivity of the powder and thus speeding maturation of 
the cement [17]. It is known that in the use of hand- mixed glass-ionomers an 
extrinsic variability is introduced that may affect their performance [18-20]. This 
variability is dependent on the powder to liquid ratio and the number of porous 
elements or voids in the hand-mixed specimens and on the precision of the 
operator in inserting the mixture into the moulds and into the cavities. Use of 
encapsulated glass-ionomers nullifies the effect of that variability.  
Diametral Tensile Strength (DTS) was selected as one of the three tests for 
mechanical properties because it provides information related to the resistance 
of brittle materials such as conventional glass-ionomers. Specimens of the two 
hand-mixed glass-ionomers in the present study, prepared following standard 
specifications ADA#66, resulted in mean DTS values that were in line with 
those obtained some years earlier for the same hand-mix glass-ionomers [10]. 
The results were also in line with values obtained for two other tested brands of 
glass-ionomer (Vitro Molar and Vitro Fil) [21]. It was not possible to compare the 
DTS results for the EQUIA system and Chemfil Rock of the present study with 
those other studies.    
The Compressive Strength (CS) test is often used to assess the ability of a 
material to withstand masticatory forces. A wide range of CS mean values 
(between 130 and 240 MPa) for Fuji 9 and Ketac Molar have been reported 
after 24 hours of setting time, using standardized cylindrical specimens [8-
10,12]. In the present study, an original model using Class II ART cavities for 
testing the materials was selected to simulate a clinical situation. Achieving the 
exact size and shape for each class II cavity as well as the whole sequence of 
storage and testing of the specimens was challenging for the operators. A 
considerable number of samples had to be discarded as they were not as 
accurate as they should have been. Finally, the mean values obtained for 
compressive strength (CS) of Fuji 9 Gold Label and Ketac Molar Easymix in the 
present study were similar to those reported by Koenraads et al [11]. This 
method is different from the standard compressive strength tests that use 
cylindrical specimens. It means, therefore, that no comparisons with other 
published CS values can be made. We chose the Koenraads design because 
this model offered an in-vitro simulation of a restorative material subjected to a 
compressive load as might happen clinically in a class II ART preparation. 
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However, failure of the specimens in the tooth cavity system used was probably 
not due to pure compression but to a combination of compressive, tensile and 
shear stress failure instead. 
The mean flexural strength (FS) values obtained in the present study were 
similar to those reported by Bonifacio et al [9] for Ketac Molar Easymix, but 
somewhat higher for Fuji 9. According to the strong explanatory power, found 
between FS and long-term wear [9], the authors suggested that it is possible to 
forecast the latter by using the FS test, which is considered to provide valuable 
information for the use of glass-ionomer materials in patients with strong 
grinding. 
Considering the large difference in values for the three strength tests, 
between the two new brands and the commonly used glass-ionomers, it 
appears that the EQUIA system and Chemfil Rock can be applied as a 
restorative material for treating dentine carious cavities in people with 
disabilities. Although a preliminary clinical study showed that the ART approach 
can function as a feasible strategy for controlling carious lesions in such 
populations [1], introduction of the ART approach, using any of the two new 
brands of glass-ionomer in people with disabilities, would need to be closely 
monitored. If EQUIA system and Chemfil Rock were also to be used for placing 
ART sealants in people with disabilities, the suitability of these two materials for 
this preventive measure would first need to be investigated. The final outcomes 
of the present study further indicate that these two encapsulated glass-ionomer 
materials may also contribute to an increase in the survival rates of multiple-
surface ART glass-ionomer restorations in both primary and permanent teeth. 
 
Conclusions 
 
The two encapsulated high-viscosity glass-ionomers (EQUIA system and 
Chemfil Rock) had significantly higher test values for diametral tensile, flexural 
and compressive strength than the commonly used hand-mixed high-viscosity 
glass-ionomers Fuji 9 Gold Label and Ketac Molar Easymix. The EQUIA system 
had significantly higher test values for diametral tensile and flexural strength 
than Chemfil Rock.   
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Biaxial Flexural Strength of high-viscosity glass-ionomer 
cements heat-cured with an LED lamp during setting 
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Abstract  
 
Early mechanical properties of high-viscosity glass-ionomer cements need to be 
enhanced in order to achieve long term survivals. Heating the cements during 
their setting reaction is one resource proposed for that purpose. The aims of 
this study was to compare the biaxial flexural strength (BFS) of four high-
viscosity glass-ionomer cements between and within these materials by 
exposure time to a selected LED curing unit. Samples of 2.1(0.5)mm thick and 
13(0.5)mm in diameter of Fuji 9 Gold Label, Ketac Molar Easymix, Chemfil 
Rock and EQUIA system were divided into three treatment groups (n=30): 
1)without heating, 2)heated with LED-lamp 1400 mW/cm2 for 30s and 3)for 60s 
while setting. Samples were stored for 48 hours in distilled water at 37ºC until 
tested using a universal testing machine (crosshead speed of 1mm/min). Data 
were analyzed using ANOVA test with Bonferroni correction (α=0.05). One LED 
curing device was selected for the study amongst three devices, according to 
feasibility of use in the oral cavity and their heat generation along 60s. The 
mean BFS scores for the hand-mixed glass-ionomer cements were statistically 
significantly lower than those of the encapsulated glass-ionomer cements in all 
treatment groups. There was no statistically significant difference in mean BFS 
scores between the EQUIA system and Chemfil Rock at 30s and 60s (p>0.05). 
Heating the glass-ionomer cements with a LED curing light of 1400mW/cm2 
during setting for 30s increases BFS of high-viscosity glass ionomers, improving 
early mechanical properties.  
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Introduction  
 
In general, the longevity of glass-ionomer cement restorations, produced 
using rotary instruments, are considered inferior to restorations of resin-based 
composite and dental amalgam. Remarkably, the longevity of high-viscosity 
glass-ionomer cements used with the Atraumatic Restorative Treatment (ART) 
protocol in permanent teeth was equal to or greater than that of equivalent 
amalgam restorations for up to 6.3 years, and there was no difference in 
longevity between the two types of restorations in primary teeth, assessed 
according to the same assessment criteria [1,2]. A similar finding has been 
reported for the longevity of ART glass-ionomer restorations and resin-
composite restorations in primary teeth, assessed according to the same 
assessment criteria [3]. However, the number of trials upon which the latter 
conclusion is based, was small.  
Glass-ionomer cements have certain features that are superior to resin-
based materials and dental amalgam [4]. These include: chemical adhesion to 
mineralized dental tissues, biological sealing of the cavity interface (including 
inhibition of bacterial compounds and ability to remineralize dental tissues) [5] 
and it being easy to use in a variety of clinical settings [4]. The major weakness 
of glass-ionomer cements is its low fracture toughness. This feature is likely to 
improve as the material maturates [6,7]. Incomplete chemical reactions and 
sensitivity to water during the first stage of the setting reaction of glass-ionomer 
cements lead to softening and cracking of the cement surface and 
subsequently, reduces its wear resistance and fracture toughness [8].  
One way to overcome these adverse conditions was thought to be 
achieved by shortening the vulnerable initial stage in the setting reaction. This 
idea was attempted with the introduction of fast setting glass-ionomer 
restorative cements but the studies did not always demonstrate higher physical-
mechanical values than their regular set counterparts [9]. Another method that 
could reduce the vulnerability stage was through heat application during setting. 
It increased compressive strength [10,11], decreased microleakage and 
increased wall adaptation to enamel [12].  
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Heat is generated as a byproduct of LED light-curing photo-sensitive 
dental materials with a high-intensity photopolymerization device [13]. 
Apparently not all LED curing lights seem to emit sufficient heat. Therefore, a 
special “heat-curing” LED device has been marketed which output temperature 
reaches 60º Celsius in less than 1 minute [14]. However, this temperature might 
be too high for use in the oral cavity. In order to investigate the influence of heat 
on the mechanical strength of glass-ionomer cements, the output temperature 
of heat-emitting curing lights need to be investigated first. In the present study, 
biaxial flexural strength was chosen to represent the common mechanical 
strength tests as it was concluded to be the most reliable, single best 
mechanical property test for testing mechanical strength of glass-ionomer 
cements [15,16]. 
The aims of the present study, which is the first in its kind, was to 
compare: 1) the output temperature of three LED light-curing devices; 2) the 
biaxial flexural strength of four high-viscosity glass-ionomer cements treated 
with the selected heat source by curing time and; 3) the effect of time of light-
curing on the biaxial flexural strength of the tested glass-ionomer cements. 
 
Materials and methods  
 
Testing curing light output temperature 
The tests were carried out at the laboratory of the Dental Materials 
Department of the Dental Faculty, University of Córdoba, Argentina, by one and 
the same senior investigator (GM) assisted by two colleagues from the same 
department (IM, LB). 
Three LED curing lights were selected from the ones available at the 
dental school. These were: GSK-Densell LED555 (Dental Medrano S.A., 
Buenos Aires, Argentina) with a light intensity of 800mW/cm2; ECCO-Light (SD 
Dental, Córdoba, Argentina) with a light intensity of 1400mW/cm2 and GCP 
CarboLED CL-01 (GCP Dental, Vianen, The Netherlands) with a light intensity 
of 1400mW/cm2. The later device was specially designed to generate heat.   
The output temperature was measured every ten seconds during a one 
minute period using a thermometer filled with red colored ethanol (LED Lamp 
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Test kit, GCP Dental, Eimshorn, Germany) by placing it at the tip of each curing 
light. Based on the results of this test, the ECCO-Light was selected for testing 
the biaxial flexural strength of the four glass-ionomer cements (Table 2). 
Testing biaxial flexural strength (BFS) 
The four glass-ionomer cements tested were: Fuji 9 Gold Label (GC 
Europe, Leuven, Belgium); Ketac Molar Easymix (3M ESPE, Seefeld, 
Germany); Chemfil Rock (Dentsply-DeTrey, Konstanz, Germany) and EQUIA 
system (GC, Tokyo, Japan). Particulars of these cements are listed in Table 1. 
Thirty specimens of 2.1 (±0.5) mm thick and 13 (±0.5) mm in diameters were 
prepared for each of the four glass-ionomer cements.  
Three treatment protocol groups were distinguished: 1) auto curing (no 
light curing device) (SC) as the control; 2) light curing with ECCO-Light during 
30s starting immediately after the disc was filled (HC30); 3) light curing with 
ECCO-Light during 60s starting immediately after the disc was filled (HC60).  
Disc-shaped samples were prepared using polytetrafluoroethylene ring 
moulds placed on a polished glass slab covered with an acetate strip. To be 
able to fill one mould with the hand-mixed glass-ionomer cements (Fuji 9 Gold 
Label and Ketac Molar Easymix), two operators mixed simultaneously three 
portions (1:1) powder and liquid each according to the manufacturers´ 
instructions. After mixing, the cements were inserted in the middle of the mould 
with a spatula, and covered with a second acetate strip. Then a 1 kg glass slab 
was placed on top of the glass-ionomer cement to spread the material evenly 
throughout the ring.  
For treatment protocol groups 2 and 3, the glass slab was removed after 
5s but leaving the acetate strip on top. The ECCO-Light was placed on top of 
the glass-ionomer cements, making contact with the acetate strip, and light-
cured the material either for 30s (group 2) or 60s (group 3). After heat curing, 
the glass slab was replaced over the mould. For the encapsulated glass-
ionomer cements (Chemfil Rock and EQUIA system), two capsules were 
needed for filling the mould. Each capsule was tumbled for 5s before activation 
to aerate the powder inside the capsule. Capsules were activated according to 
the manufacturers´ instructions by pushing the extension into the capsule and 
then squeezing once the extruder to break the seal. Following activation, the 
first capsule was inserted in a mixing device (Ventura Mix III, Madespa S.A., 
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Spain) whilst the second capsule was activated using a second mixing device of 
the same brand. The Chemfil Rock capsules were mixed for 15s and the EQUIA 
system capsules for 10s. The first capsule of each material was extruded into 
the centre of the mould using an applicator extruder (Dentsply-DeTrey, 
Konstanz, Germany), followed immediately by the mix of the second capsule. 
From this point onwards, the procedure was equal to the one presented for 
heat-curing of treatment protocol groups 2 and 3. 
Each batch, containing ten disc moulds, covered by a glass slab at the 
bottom and one at the top, was secured with clamps and immersed in a water-
bath at 37±1ºC for one hour. Specimens were then removed from their moulds 
and stored in 50mL distilled water at 37±1ºC for an additional 47 hours. Before 
storage, all specimens of the EQUIA system were coated with a nano-filled 
resin (G-Coat, GC Tokyo, Japan) and light-cured for 10s using the same 
ECCO-Light.  
Specimens were placed on a 10mm diameter knife-edge circular support, 
covered with a thin rubber. The BFS tests were performed with a Universal 
Testing Machine (Digimess MX5000) at a crosshead speed of 1mm/min, using 
a 4mm diameter ball-indenter, loading the specimens centrally. The BFS value 
was calculated using the following equation [17]: 
BFS=P/h2((1+v)(0.485ln(a/h)+0.52)+0.48), where P is the load at fracture, a the 
radius of the support (5mm) and v the Poisson´s ratio (0.3 for glass-ionomer 
restorative cements). 
 
 
Statistical analyses 
 
Data were analysed by a statistician using SAS 9.0 (SAS Corporation 
Inc., Cary, USA) Chi-square test was used for comparing the output 
temperatures of the light curing devices (independent variable) by time of 
exposure (0 to 60s) being the dependent variable. Testing the biaxial flexural 
strength (BFS) (dependent variable) of the four glass-ionomer cements by time 
of exposure (independent variables) was performed using ANOVA test and 
Bonferroni correction. A statistically significant difference was set at α = 0.05. 
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Table 1 – Product name, manufacturer, composition, batch number expiration 
date and shade of the glass-ionomers tested 
Product name Manufacturer Components Batch no.  Expiry 
date 
Shade 
Fuji 9 Gold Label GC Europe 
(Leuven, 
BELGIUM) 
Powder: Fluoro-alumino-
silicate glass, polyacrylic 
acid powder 
Liquid: Polyacrylic acid, 
polybasic carboxylic acid 
    N219047     2013/11 A3 
Ketac Molar Easy 
Mix 
3M ESPE 
(Seefeld, 
GERMANY) 
Powder: Al-Ca-La 
fluorosilicate glass, 5% 
copolymer acid (acrylic 
and maleic acid) 
Liquid: Polyalkenoic acid, 
tartaric acid, water 
      406641  2016/06 A3 
ChemFil Rock Dentsply 
DeTrey GmbH 
(Konstanz, 
GERMANY) 
Zinc-modified fluoro-
alumino-silicate glass 
Polyacrylic and itaconic 
acid 
 103000542 2014/02 A3 
Equia system  
(Fuji GP Extra  
+ G-Coat) 
GC Asia (Tokio, 
JAPAN) 
Fuji 9 GP Extra: Water, 
fluoro-alumino-silicate 
glass, polybasic 
carboxylic acid, 
polyacrylic acid 
G-Coat: Methyl 
Methacrylate, colloidal 
silica, camphorquinone, 
urethane methacrylate, 
phosphoric ester 
monomer 
     0903039 2012/11 A3 
 
 
Results 
 
Output temperatures 
Table 2 shows the mean output temperatures of the three LED curing 
lights by time exposure. ANOVA test showed an effect of exposure time 
(p<0.0001) and curing light (p<0.0001) on the output temperature. The highest 
mean output temperature at 30s and 60s was obtained for the GCP lamp while 
the GSK lamp showed the lowest mean output temperatures at these time 
points. The output temperature for the GCP lamp increased statistically 
significantly between 10s and 30s and between 30s and 60s (p=0.05; 
Bonferroni).  
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Table 2. Mean and standard error (SE) of the output temperature in ºC for the 
three curing lights by time   
Lamp  
Time (sec) 
10 20 30 40 50 60 
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 
ECCO 
35.0 0.6 39.8 0.9 41.0 1.0 42.8 1.8 42.5 2.6 42.0 2.9 
GCP 
41.3 1.1 48.0 0.8 53.3 0.6 54.0 1.2 56.0 1.6 57.3 2.4 
GSK 
32.0 0.0 34.5 0.3 34.5 0.7 36.3 0.5 37.0 0.6 35.0 0.4 
 
At all exposure times, the output temperature of the GCP lamp was 
statistically significantly higher than those of the ECCO-Light (p=0.05; 
Bonferroni), whilst the output temperature of the ECCO-Light was statistically 
significantly higher than those of the GSK lamp at time points 10s up to 40s 
(p=0.05; Bonferroni). The output temperature for the GCP lamp at 10s was 
about equal to the output temperature of the ECCO-Light at 30s.  
 
Biaxial flexural strength between glass-ionomers by exposure time 
The mean BFS scores and standard error for the four glass-ionomer 
cements, light-cured by the ECCO-Light (1400mW/cm2), by exposure time is 
presented in Table 3.  ANOVA test showed an effect of the glass-ionomer 
cements (p<0.001) and of curing time (p<0.001) on the mean BFS scores. The 
autocured EQUIA system had statistically significant higher mean BFS scores 
than the other three glass-ionomer cements, while Ketac Molar Easymix had 
the lowest mean BFS scores (p=0.05; Bonferroni). There was no statistically 
significant difference in mean BFS scores between the EQUIA system and 
Chemfil Rock at 30s and 60s (p>0.05). The mean BFS scores for the hand-
mixed glass-ionomer cements were statistically significantly lower than those for 
the encapsulated glass-ionomer cements when auto-cured and light-cured for 
30s and 60s (p=0.05; Bonferroni).  
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Table 3. The mean biaxial flexural strength (BFS) values expressed in MPa and 
standard error (SE) of the glass-ionomers tested by test group. SC=auto-cure; 
HC30= light cured for 30 seconds; HC60= light cured for 60 seconds.    
Glass-ionomer 
Group 1 (SC) Group 2 (HC30) Group 3 (HC60) 
Mean SE  Mean SE  Mean SE  
Chemfil Rock 
61.4d 1.1  73.1e 1.2  75.5e 1.3   
EQUIA system 
67.9d 1.1  73.1e 1.3  78.1f 1.1  
Fuji 9 Gold Label 
43.4a 0.6  52.1b 1.2  54.5b 1.1  
Ketac Molar 
Easymix 39.6a 0.6  51.7b 1.1  55.2c 1.1  
Number of samples is 30. Different superscript letters show significant statistical 
differences (Bonferroni test) between and within materials. 
 
Biaxial flexural strength within glass-ionomers by exposure time 
There was a time effect observed for the mean BFS scores of all glass-
ionomer cements tested (p<0.0001). The mean BFS scores of all glass-ionomer 
cements at 30s were higher than those of the autocured glass-inomer cements 
of the same brand (p=0.05; Bonferroni). Only the EQUIA system and Ketac 
Molar Easymix had higher mean BFS scores at 60 s than at 30s (p=0.05; 
Bonferroni) (Table 3).  
 
Discussion  
 
Methodological aspects 
In the present study selecting the heating source and determining the 
heat exposure time was a critical balance between what is considered a 
clinically feasible and acceptable temperature rise within one minute activation. 
Heat-curing the samples of four conventional glass-ionomer cements, between 
two metals at 70ºC for 5 min, at 15min, 1 and 24 hours, and 28 days resulted in 
a significant improvement in the compressive strength [10]. This experiment 
provided evidence that heating glass-ionomer cements increased the 
mechanical strength. But it also showed that a different heat source, other than 
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metal plates, was needed that would be clinically acceptable and also would 
operate at a lower temperature and a shorter exposure time. These conditions 
were found in the LED curing light with 1400mW/cm2. The selection of 30s and 
60s was guided by the following studies. Heating glass-ionomer restorative 
cements with a LED curing unit of 1200mW/cm2 during 40s improved marginal 
adaptation to enamel [12]. The same exposure time was used to heat-cure 
glass-ionomers with a halogen light, improving the hardness of the upper and 
lower surfaces of the samples [18]. As one should be careful with applying heat 
sources in the oral cavity, we decided to lower the time exposure from 40 s to 
30s, while using a light-curing device with an increased intensity. 
Although the output temperature for the GCP lamp at 10s hardly differed 
from that for the ECCO-Light at 30s, the ECCO-Light was selected for the BFS 
experiments in the present study. Reasons included: the recommendation 
stated in the Instructions for Use of the GCP lamp to heat-cure glass-carbomer, 
a cement that is chemically related to high-viscosity glass-ionomer cements, for 
60s; that the output temperature of the GCP lamp at 60s and even at 30s was 
above 50ºC, which we considered too high as it might cause discomfort to 
patients and; that such a high temperature would create adverse changes in the 
micro-structure of glass-ionomer cements due to dehydration [19].  
A number of standard tests such as compressive, diametral tensile and 
flexural strength have been used for testing mechanical properties of glass-
ionomer cements. In the present study, the biaxial flexural strength test was 
selected due to its relatively simple and accurate procedure for preparing the 
specimens, which reduces the operator-induced variability and improves the 
standard for assessing mechanical properties of glass-ionomer cements 
[15,16]. Besides that, the BFS test has the advantage that it uses a knife-edge 
circular support which is covered with rubber, providing a platform that allows 
an even distribution of the load in the sample, which bends to its maximum 
capacity without crack formation, expressing the mechanical integrity of the 
material until it fractures. Moreover, loading the sample with the ball-shaped 
indenter is suggested to be an appropriate procedure to manage crack 
formation associated with the brittleness of these ceramic cements in 
mechanical tests, similar to the “ball on disc” protocol described by Darvell B 
[20]. 
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The preparation of the samples was challenged because the glass-
ionomer cements did set so fast that there was hardly sufficient time to fill the 
moulds. The fact that two capsules were needed to fill the mould completely 
aggravated the filling process. In addition to this, condensation of the cements 
with the glass slab took place for a few seconds and then interrupted either for 
30 or 60 seconds for heat application in groups 2 and 3. This fast sequence for 
the manufacture of the samples might have disturbed cohesive forces within the 
cements, thus producing voids. Due to these two facts, a considerable number 
of samples had to be discarded.  
  
Study findings   
Heating all four glass-ionomer cements with the 1400mW/cm2 curing light 
for 30s increased the biaxial flexural strength. The mean BFS values were 
significantly higher for the encapsulated compared to the hand-mixed glass-
ionomers. The EQUIA system and Ketac Molar Easymix showed significantly 
higher mean BFS values at 60s compared to 30s. As there are very few studies 
that have investigated the effect of heating glass-ionomers through high-
intensity curing lights and in particular, using the biaxial flexural strength test, it 
is difficult to compare the finding of the present with other studies. 
Following the same protocol for testing the BFS for the same type of 
glass-ionomers strictly, the mean BFS values obtained in the present study for 
Chemfil Rock were somewhat lower than those reported by Fleming et al. [16]. 
Such a difference may be explained by difficulties in preparing the samples of 
Chemfil Rock. It turned out to be very difficult to achieve an even distribution of 
the content of the two capsules used in one mould, as the setting of the first 
material occurred so fast that the glass-ionomer was already reasonable hard at 
the time when the content of the second capsule was extruded into the mould.  
The effect of heat application through a LED 1200mW/cm2 lamp in three 
periods of 20 seconds during setting (60 seconds in total) on the flexural 
strength, modulus of elasticity and micro-mechanical behavior of glass-
carbomer cement, a restorative material chemically associated to conventional 
glass-ionomer cements, did not show an improvement in mechanical properties 
[21]. This finding is different from the one observed in the present study and 
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might be due to the chemical composition of glass-carbomer and conventional 
high-viscosity glass-ionomer cement tested [21].  
 Improving the physical-mechanical properties of restorative glass-
ionomer cements has been a great challenge for researchers. Introduction of 
new glass fillers, nanotechnology, modified liquid formulas and other 
innovations have been investigated in order to reach the material´s maximum 
potential as a valid alternative of dental amalgam or even resin-based 
composites [22]. This challenge is not unrealistic as the treaty of the UNEP 
(United Nations Environmental Programme) on amalgam pollution includes a 
statement related to increasing caries prevention and to increasing research on 
alternatives to amalgam [23]. Heat-curing glass-ionomers by a high-intensity 
curing-light in order to accelerate the setting reaction and subsequently, the 
maturation of the material might contribute to enhancement of the mechanical 
performance, particularly for the newer encapsulated glass-ionomers EQUIA 
system and Chemfil Rock. Whether this increase in mechanical strength is 
sufficient to fulfill the requirements for substituting dental amalgam remains to 
be seen. Clinical acceptance of the heating procedure tested using EQUIA 
system and ChemFil Rock in a conventional restorative and the ART protocol 
should be evaluated.  
 
Conclusions 
 
Heating the restorative glass-ionomer cements with a LED curing-light of 
1400mW/cm2 during setting for 30s increased the BFS value of all materials 
tested. The mean BFS value was significantly higher for the encapsulated 
glass-ionomers EQUIA system and ChemFil Rock than for the hand-mixed 
glass-ionomers Fuji 9 Gold Label and Ketac Molar Easymix at all exposure 
times. 
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One year survival of ART and conventional restorations in 
patients with disability 
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Abstract 
Background: Providing restorative treatment for persons with disability may be 
challenging and has been related to the patient’s ability to cope with the anxiety 
engendered by treatment and to cooperate fully with the demands of the clinical 
situation. The aim of the present study was to assess the survival rate of ART 
restorations compared to conventional restorations in people with disability 
referred for special care dentistry. Methods: Three treatment protocols were 
distinguished: ART (hand instruments/high-viscosity glass-ionomer); 
conventional restorative treatment (rotary instrumentation/resin composite) in 
the clinic (CRT/clinic) and under general anaesthesia (CRT/GA). Patients were 
referred for restorative care to a special care centre and treated by one of two 
specialists. Patients and/or their caregivers were provided with written and 
verbal information regarding the proposed techniques, and selected the type of 
treatment they were to receive. Treatment was provided as selected but if this 
option proved clinically unfeasible one of the alternative techniques was 
subsequently proposed. Evaluation of restoration survival was performed by two 
independent trained and calibrated examiners using established ART 
restoration assessment codes at 6 months and 12 months. The Proportional 
Hazard model with frailty corrections was applied to calculate survival estimates 
over a one year period. Results: 66 patients (13.6 ± 7.8 years) with 16 different 
medical disorders participated. CRT/clinic proved feasible for 5 patients (7.5%), 
the ART approach for 47 patients (71.2%), and 14 patients received CRT/GA 
(21.2%). In all, 298 dentine carious lesions were restored in primary and 
permanent teeth, 182 (ART), 21 (CRT/clinic) and 95 (CRT/GA). The 1-year 
survival rates and jackknife standard error of ART and CRT restorations were 
97.8 ± 1.0% and 90.5 ± 3.2%, respectively (p = 0.01). Conclusions: These 
short-term results indicate that ART appears to be an effective treatment 
protocol for treating patients with disability restoratively, many of whom have 
difficulty coping with the conventional restorative treatment. 
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Background 
 
A recent systematic review revealed an equal to lower prevalence of 
dental caries in adults with disability when compared to the general population 
[1]. The major differences for the group with disability were a higher number of 
untreated carious lesions, lack of oral care and infrequent use of preventive 
strategies [1,2]. In another recent study of adolescents and adults, the authors 
observed that patients with intellectual disability had more decayed and missing 
teeth, fewer restorations and a greater need for tooth extraction than their 
siblings [3]. 
Many environmental barriers exist to access to oral health care in the 
population with disability. Even if these barriers are overcome, and the patient is 
able to find a dentist willing and able to treat, challenges remain. The provision 
of high quality restorative treatment is related to the patient’s ability to cope with 
the anxiety engendered by treatment and to cooperate fully with the demands of 
the clinical situation. Between a quarter and a third of adults with intellectual 
disability are estimated to have dental anxiety [4-6]. Unpleasant stimuli, such as 
the injection of local anaesthesia or the noise and vibration of rotary 
instruments, may provoke disproportionate anxiety and subsequent opposition 
to treatment. In addition, poor muscle coordination, fatigability or oral 
dysfunction such as drooling and tongue movement, may compromise 
restorative procedures. Sedation or general anaesthesia may improve clinical 
conditions for restorative work but these techniques have their own problems in 
terms of cost and patient morbidity [7]. 
A less anxiety-provoking restorative treatment is Atraumatic Restorative 
Treatment (ART). This approach is endorsed by the World Health Organisation 
and involves hand instrumentation and placement of high-viscosity glass-
ionomer cement restorations. ART has been shown to be equally effective as 
conventional restoration in both primary and permanent teeth [8]. It has been 
suggested that ART might help to reduce barriers to treatment for patients with 
disabilities [9,10] but no trial comparing ART with conventional treatment in this 
population has yet been reported. 
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The aim of the present study was to assess the survival rate of ART 
restorations compared to conventional restorations in patients with disability 
referred for special care dentistry. In addition, this report aims to outline the 
methods used to obtain and analyse the data in detail, as a basis for future 
reports. 
Methods 
Ethics 
Ethical approval was obtained from the local Ethical Committee, CIEIS 
Facultad de Odontología, Universidad Nacional de Córdoba with the reference 
number 38/2012 and the trial was registered at the Netherlands Trial register 
with number NTR 4400. 
 
Participants 
All patients with a disability referred for restorative treatment to the 
Dental Hospital of the National University of Córdoba, Argentina over a six 
month period were considered for inclusion in the study. Patients were 
examined by one of two special care dentists. Medical history was taken. A full 
description of the functional, social and environmental context of the patient was 
recorded using the International Classification of Functioning Oral Health 
Checklist [11]. 
Clinical examination included: 1) report of pain by the patient and/or 
caregiver, and targeted examination of potentially painful teeth; 2) presence of 
dental plaque, assessed according to the criteria of Greene and Vermillion [12] 
and recorded using the Simplified Oral Hygiene Index (S-OHI); 3) gingival 
bleeding, measured on buccal and lingual surfaces of all teeth according to the 
criteria of Ainamo and Bay [13] and recorded using the gingival bleeding index 
(GBI) and; 4) dental caries according to the criteria of the World Health 
Organization (WHO) recorded as mean dmft/DMFT scores [14]. 
 
Development of information brochures 
Two brochures were prepared, one explaining the conventional 
restorative treatment (CRT) and one the Atraumatic Restorative Treatment 
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(ART) protocols. The brochures were prepared by the research team and 
consisted of a brief description of each approach, the steps followed for each 
procedure, their advantages and disadvantages using essential information 
obtained from current text books of Operative Dentistry and the literature 
[15,16], explained in lay terms. Pictures and figures were selected from a pool 
of images provided by the members of the team. A first lay-out of the brochure 
was discussed and modified by a group of five experts in special care dentistry 
during two focus group discussions at the Paediatric Department, Dental 
School, Catholic University of Córdoba. Thereafter, the appropriateness of the 
brochures was piloted with 30 patients, attending six special care clinics in 
Córdoba, whose specialists did not participate in the focus group. Feedback led 
to a preliminary version of the brochure which underwent content validation at 
the annual meeting of the Argentinean Association of Disability and Oral Health. 
Thirty-four delegates, representing different counties, were sent information 
regarding the aims of the clinical study and the preliminary brochures, one week 
prior to the meeting to prepare their suggestions. Discussion was held in a 
special session of the meeting, where participants made some suggestions for 
improving the content and lay-out of the brochures. Finally, consensus was 
reached for minor adjustments, and unanimous approval was given regarding 
both content and lay-out of the two brochures. 
 
Study design and attribution to treatment group 
The following inclusion criteria applied: patient with a recognised 
disability and at least one dentine carious lesion in a primary or permanent tooth 
without pulpal involvement and without spontaneous pain or tooth mobility, but 
in occlusion with the antagonist tooth or teeth and in contact with the 
neighbouring tooth or teeth. 
Randomisation of persons with intellectual disability in clinical trials raises 
legitimate ethical concerns relating to ability to fully inform and the value of 
proxy consent [17,18]. In order to avoid this problem, the treatment selection 
process was conducted as follows: The study aims and design were explained 
to the patients and/or the parents or caregivers (hitherto referred to as 
‘respondents’) of all those eligible for inclusion. Individual treatment needs were 
explained verbally by the dentist. Standardised verbal information and the two 
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validated brochures were used to present the respondents with the treatment 
options, and the dentists were instructed to be as neutral as possible during this 
presentation. Respondents kept the brochures to read at home and it was 
unlikely that they would have the possibility to exchange views. 
At the second visit, respondents confirmed their choice of either ART or 
CRT and provided written informed consent for participation in the study. 
Researchers recorded the reasons that led them to choose either one or the 
other option, in order to identify their expectations and perceived barriers 
regarding a dental procedure. 
 
Treatment procedures 
Conventional restorative treatment (CRT): Dentine carious lesions in 
primary and permanent teeth were restored after infiltration of local anaesthesia 
using rotary instruments with high-speed carbide burs (#330 and #245, KG 
Sorensen, Cotia-SP, Brazil) under rubber dam isolation. Remaining carious 
tissues were removed using low-speed round burs (#1, #2, #3, KG Sorensen, 
Cotia-SP, Brazil). Calcium hydroxide cement was applied on the floor of deep 
cavities only. Proximal cavities were contoured with a metal band and wooden 
wedges. Cavities were prepared using an adhesive system (Scotchbond 
Multipurpose, 3 M ESPE, St. Paul, Minnesota, USA), light-cured for 20 sec and 
restored incrementally with composite resin (Filtek Z250, 3 M ESPE, St. Paul, 
Minnesota, USA) in layers of less than 2 mm, and light-cured for 40 sec with a 
LED lamp (Elipar™ FreeLight 2 LED Curing Light, 3 M ESPE, St. Paul, 
Minnesota, USA). Occlusal anatomy was carved with hand instruments before 
light-curing. Restoration adjustment was performed with diamond finishing burs 
(KG Sorensen, Cotia-SP, Brazil) and polished with rubber tips and fine disks. 
Atraumatic Restorative Treatment (ART): Soft demineralised carious 
tissues were removed from dentinal lesions in primary and permanent teeth 
using hand instruments only (ART Kit; Henry Schein, Chicago, USA) according 
to the ART protocol [14]. In proximal cavities, a steel matrix band (Palodent, 
Denstply Caulk, Milford, DE) and wooden wedges were used. 10% polyacrylic 
acid (dentine conditioner, GC America, Chicago, USA) and wet and dry cotton 
wool pellets were used to condition and dry the cavity. Under cotton roll 
isolation, cavities were restored with one of the two encapsulated high-viscosity 
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glass-ionomer cements: EQUIA system (GC, Tokyo, Japan) or Chemfil Rock 
(Dentsply/De Trey, Konstanz, Germany). The type of cement used was 
randomised between patients as follows: A flip of a coin determined which 
cement was used in the first patient. The other material was then applied in the 
second patient, and this sequence was followed until the last patient had been 
treated. Capsules were activated according to manufacturers´ instructions. The 
cavity and adjacent fissures were filled and held under finger pressure for 60 
sec. Excess cement was removed with hand instruments. G-Coat (GC, Tokyo, 
Japan) was applied over EQUIA cement and cured for 10 sec and a layer of 
petroleum jelly was placed over the Chemfil Rock restorations for maintaining 
the water balance in the glass-ionomer cement during setting. 
Conventional restorative treatment under general anaesthesia (CRT/GA): 
Restorative treatment was the same as described under CRT. Local 
anaesthesia was administered only when tooth extractions were indicated. 
 
Provision of treatment 
At the second visit, the operator performed the selected treatment. This 
led to the following situations: 1) The patient was able to cope with the dental 
treatment and the operator was able to place the restorations with the chosen 
treatment to an acceptable clinical standard. If further restorations were needed, 
additional sessions were scheduled using the same treatment; 2) The patient 
was unable to cope with the dental treatment and the operator was, therefore, 
unable to place the restorations with the chosen treatment to an acceptable 
clinical standard. If further restorations were needed, treatment was 
programmed using the alternative treatment; 3) The patient was unable to cope 
with either treatment approach and the patient was referred for conventional 
treatment under general anaesthesia (GA). 
 
Evaluation 
The quality of the restorations was assessed by two calibrated 
independent examiners at 6 and 12 months using established ART restoration 
criteria (codes 0–6) [16] with the addition of one code for determining ‘pulpal 
involvement’. A lesion was scored carious if it had penetrated the dentine. For 
the calibration process, ten patients presenting 48 restorations were double-
94 
 
blind assessed independently by the two examiners. The inter-examiner 
consistency, expressed as kappa coefficient and the percentage of agreement 
(Po), was 0.62 (CI:0.30-0.95) and 91.7%, respectively. 
 
Statistical analysis 
Data were entered into a data base and analysed using SAS 9.2 
software by a statistician from the College of Dental Sciences in Nijmegen, the 
Netherlands. Restorations with codes 0 and 1 (sound, and small defect at the 
restoration margin) were considered to have survived. All other codes were 
considered failures. Presence of a dentine carious cavity alongside the 
restoration (secondary caries) was considered a failure. The dependent variable 
was the survival of restorations. Independent variables were: treatment group 
(ART; CRT/clinic; CRT/GA); type of teeth (primary; permanent); type of surface 
(single-; multiple-surface); gender; age; operator (1;2); glass-ionomer (Chemfil 
Rock; EQUIA system); number of primary and permanent teeth restored per 
person; mean dmft-, mean dt-score, mean DMFT- and mean DT-score at 
baseline; mean plaque score; and gingival bleeding score. ANOVA and chi-
square tests were used to test for differences between independent variables at 
baseline. The Proportional Hazard Rate Regression Model [19] with frailty 
correction [20] was used to estimate cumulative survival rates of ART and CRT 
restorations. The Wald test (chi-square) was used to test for differences in 
survival rates. The Jackknife method [21] was applied to calculate standard 
errors. Statistical significance was set at α = 0.05. 
Results 
Disposition of subjects 
A total of 66 patients were included in the study, 36 male (54.5%) and 30 
female (45.5%), with a mean age of 13.6 (±7.8) years, ranging from 3- to 39-
years old. There were 16 different principal medical diagnoses. The most 
common principal medical diagnosis was Cerebral Palsy (39.4%), followed by 
Autistic Spectrum Disorder (19.7%), West syndrome (9.1%), Down syndrome 
(6.1%), Mental Retardation of unspecified origin (6.1%) and Rett syndrome 
(4.5%). Ten patients had different, less frequently occurring medical disorders 
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(15.2%). Cerebral palsy was the most common disorder amongst patients 
treated with ART (51.1%) followed by the infrequently occurring disorders 
(17.0%) and Autistic Spectrum Disorder (12.8%). The latter was the most 
common disorder amongst those patients treated under GA (42.9%). 
Mean DMFT and dmft-score were 17.3 ± 11.9 and 7.8 ± 8.6, respectively, 
whilst the prevalence of plaque and gingival bleeding in this population with 
disability was 100%. Fifty-two percent of the total population had a mean plaque 
score of at least 1.5 and 48.0% had at least 35% of their teeth affected by 
gingival bleeding. 
One operator treated 35 and the other 31 patients. The total number of 
restorations placed was 298: 105 (ART: Chemfil Rock), 77 (ART: EQUIA 
system), 21 (CRT/clinic) and 95 (CRT/GA). ART treatment was selected by 43 
respondents and 15 respondents chose conventional treatment in the clinic. 
Treatment in the clinic was deemed unfeasible from the outset for 8 patients (as 
full initial examination was impossible) and these patients were referred to GA 
for conventional treatment. Five patients, with 15 restorations, dropped out at 
year one. The flow chart of patients, number of restorations, restoration survival 
rates by treatment group and evaluation period is presented in Figure 1. 
 
Effect of background variables on the treatment groups 
ART treatment group: Gender distribution was 55.0% (males) and 45.0% 
(females). One operator treated 53.0% and the other 47.0% of the patients 
receiving ART. A total of 60 ART restorations (46 Chemfil Rock and 14 EQUIA 
system) were placed in primary teeth and 122 ART restorations (59 Chemfil 
Rock and 63 EQUIA system) in permanent teeth. Local anaesthesia was 
provided for 9.0% of patients. There were no statistically significant differences 
observed between the two groups of ART restorations for the independent 
variables at baseline, except for gingival bleeding (p = 0.02). 
CRT treatment groups: Gender distribution was 53.0% (males) and 
47.0% (females). One operator treated 53.0% and the other 47.0% of the 
patients receiving CRT. A total of 69 restorations (4 in CRT/clinic and 65 in 
CRT/GA) were placed in primary teeth and 47 restorations (17 in CRT/clinic and 
30 in CRT/GA) were placed in permanent teeth. Local anaesthesia was 
provided for 89.0% of the patients treated with the CRT protocol. There were no 
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statistically significant differences between the two groups of CRT restorations 
at baseline for age (p = 0.14), number of primary (p = 0.39) and permanent 
teeth (p = 0.07) restored per person, mean dmft-score (p = 0.10), mean DMFT- 
(p = 0.14) and mean DT-score (p = 0.07), mean plaque score (p = 0.86) and for 
gingival bleeding effect (p = 0.86). There was a mean dt-score effect (p = 0.04). 
Except for this latter variable, the analysis showed no statistically significant 
difference in background variables between the two CRT groups. 
The effect of background variables, their mean and standard deviations 
at baseline for the ART, CRT/clinic and CRT/GA groups is presented in Table 1. 
There were on average significantly more restorations in permanent teeth 
placed in patients treated under GA than those treated using the other 
treatment protocols (p = 0.001). The patients receiving GA also had a 
significantly higher percentage of teeth with bleeding gums than those in the 
other groups (p = 0.02). 
 
Survival of restorations by ART groups 
The 1-year survival rates for ART/Chemfil Rock and ART/EQUIA system 
restorations in primary teeth were 95.4% and 100%, respectively, whilst the 1-
year survival rates for restorations in the permanent teeth were 98.4% 
(ART/Chemfil Rock) and 98.3% (ART/EQUIA system). There were no 
significant differences in survival between the two groups of ART restorations, 
other than for the EQUIA system group, which is inevitable as 2 failed 
restorations are worse than no failures. The two groups were therefore 
combined for comparison with the CRT restorations. 
 
 Survival of restorations by CRT groups 
The 1-year survival rates of CRT/clinic and CRT/GA restorations in 
primary teeth were 100% and 89.3%, respectively, whilst the 1-year survival 
rates of CRT/clinic and CRT/GA restorations in permanent teeth were 76.4% 
(CRT/clinic) and 100% (CRT/GA).  
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Figure 1. Flow chart of patients, number of restorations, restoration survival 
rates by treatment group and evaluation period of the study group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One operator treated 35 and the other 31 patients. The total number of  
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References: 
N=number of people with a disability ;  NRP=number of restorations in permanent teeth;  
Nrp=number of restorations in primary teeth;  SurvP=survival of restorations in permanent teeth;  
Survp=survival of restorations in primary teeth;  NFR= number of failed restorations in 
permanent teeth;  Nfr= number of failed restorations in primary teeth  
ART=Atraumatic Restorative Treatment; CRT=Conventional restorative treatment; GA=General 
anaesthesia 
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Table 1 Effect of background variables at baseline according to the three 
treatment groups 
 
Background variables at baseline ART CRT p-value 
 Clinic Clinic GA  
Mean age 13.7 ± 8.1 17.6 ± 7.6 11.8 ± 7.0 0.36 
Number of patients 47 5 14  
Number of males 26 0 10  
Mean dmft ± SD 7.3 ± 8.0 4.0 ± 8.9 12.0 ± 8.8 0.10 
Mean dt ± SD 1.9 ± 3.0 0.4 ± 0.9 5.2 ± 4.7 0.07 
Mean ft ± SD 0.2 ± 0.9 0.0 ± 0.0 0.2 ± 0.9 0.87 
Mean DMFT ± SD 17.9 ± 10.7 22.0 ± 12.8 11.9 ± 12.4 0.13 
Mean DT ± SD 3.0 ± 3.0 7.2 ± 6.4 2.7 ± 3.7 0.78 
Mean FT ± SD 0.4 ± 1.4 1.4 ± 1.9 0.4 ± 1.6 0.38 
Mean plaque score ± SD 1.7 ± 0.5 1.9 ± 0.7 2.0 ± 0.7 0.27 
Gingival bleeding (%) ± SD 35.3 ± 10.3 40.0 ± 15.8 46.1 ± 16.2 0.02* 
N=number; SD = Standard Deviation; ART= Atraumatic Restorative Treatment; CRT= 
Conventional Restorative Treatment; GA= General anaesthesia; prim teeth = primary 
teeth; perm teeth = permanent teeth; dmft = decayed, missing and filled primary teeth; 
DMFT = decayed, missing and filled permanent teeth 
 
 
Comparison of ART and CRT restorations 
A six month follow up was appointed to identify early failures or 
emergency cases. During that period, one permanent tooth belonging to the 
ART/Chemfil Rock group had to be extracted due to an acute infection. Seven 
restorations of the CRT/in clinic group identified as early failures (codes 2 and 
3) as well as one restoration of the ART/EQUIA group that had been lost were 
therefore replaced. At one year, the survival rates and jackknife standard errors 
of all ART and CRT restorations were statistically significantly different: 97.8 ± 
1.0% and 90.5 ± 3.2% (p = 0.01), respectively. Table 2 shows the survival rates 
and jackknife standard errors of ART and CRT restorations by type of teeth. 
Corrected for a possible effect of type of surface, the Wald test did not show a 
statistically significantly difference between ART and CRT restorations placed in 
primary (p = 0.29) and in permanent teeth (p = 0.19) over the one year survival 
period. The survival rates and jackknife standard errors of single- and multiple-
surfaces ART and CRT restorations in primary and in permanent teeth over the 
one year period are presented in Table 3. 
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Table 2 Percentage survival rates (surv) and jackknife standard error (SE) of 
ART and CRT restorations by type of teeth 
Interval (years) ART CRT 
primary Permanent Primary Permanent 
 Surv SE surv SE surv SE surv SE 
0.5 98.3 0.6 98.4 1.2 92.8 5.1 97.8 0.7 
1.0 96.5 2.6 98.4 1.2 89.9 4.1 91.3 7.2 
ART = Atraumatic Restorative Treatment; CRT = Conventional Restorative 
Treatment. 
 
 
Reasons for failure 
Five restorations failed because of a marginal defect of > 0.5 mm (code 
2), 6 failed because of a fracture in the restoration (code 3), 2 failed because 
the restoration was absent, 1 because other treatment had been performed 
(code 5) and 1 failed because an abscess had developed.  
Two single-surface CRT restorations failed in anterior primary teeth, 3 
multiple-surfaces CRT restorations failed in posterior primary teeth, 2 multiple-
surfaces CRT restorations failed in anterior primary teeth and 2 multiple- 
surfaces ART restorations failed in posterior primary teeth. 
 
Table 3 The survival rates (surv) and jackknife standard errors (SE) of single- 
and multiple-surface ART and CRT restorations in primary and in permanent 
teeth over the one year period 
Interval (years) ART CRT 
Single multiple Single Multiple 
 surv SE surv SE Surv SE surv SE 
Primary teeth         
0.5 100 0 92.6 4.0 94.7 1.6 90.0 7.4 
1.0 100a 0 84.3 1.2 94.7b 1.6 83.4 6.5 
Permanent teeth         
0.5 100 0 92.3 5.7 100 0 93.2 2.7 
1.0 100 0 92.3c 5.7 100 0 71.8d 21.5 
Pa,b = 0.03; Pc,d = 0.30.  
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Of the multiple-surface CRT restorations in permanent teeth, 3 failed in anterior 
and one in a posterior tooth. One multiple-surfaces ART restoration failed in an 
anterior permanent tooth. 
Discussion 
 
The current study reports a significantly higher survival rate for all ART 
restorations compared to all CRT restorations over the one year period. This 
finding confirms previous reports of longevity of ART restorations in children 
and adolescents in different clinical settings [8], and supports WHO 
endorsement of the approach. Although long term follow up is required, 
cumulative survival rates for single and multiple-surfaces ART restorations 
obtained in this clinical study were higher than the results of a meta-analysis for 
ART restorations [22] and consistent with a controlled clinical trial in primary 
molars at similar time intervals [23]. The use of enhanced glass-ionomer 
cements is likely to be responsible for such an improvement. It is true that the 
use of restorative high-viscosity glass-ionomer cements might be a matter of 
concern when using the ART approach, especially in stress bearing situations. 
Biomimetic features of this material are usually undermined by their poor 
mechanical properties. Therefore, several in vitro studies were performed 
before starting this clinical trial which concluded in the specific selection of the 
two encapsulated restorative high-viscosity glass-ionomer cements used here 
[24,25]. 
In terms of the use of high-viscosity glass-ionomer cements specifically in 
the population with special needs, the current study joins the encouraging 
results reported by Gryst and Mount [26] who used restorative high-viscosity 
glass-ionomer cements (conventional and resin modified) in 174 patients with 
intellectual and/or physical disability. Clinical procedures were not standardised 
in this study, however, so results are difficult to generalise. ART was mentioned 
as a potential strategy by these authors and was later tested by Molina and 
Kultje [27], assessing the influence of a chemo-mechanical caries removal 
system to enhance clinical performance of ART restorations in patients with 
intellectual disability over 1 year. The outcome of this study stressed the 
importance of optimal caries removal to achieve long term survival of 
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restorations, although the critical influence of the restorative material is also 
recognised [8]. 
Of the 15 restorations out of 298 that failed in the current study, failure 
was most often related to a marginal defect and fracture in the restoration. 
Moisture control may be particularly problematic during restorative treatment for 
persons with disability. Hypersalivation, dysfunctional swallowing, tongue 
movement, inability to keep still over short periods and difficulty accepting 
rubber dam for CRT may all result in contamination of a prepared cavity by 
saliva. In addition, poor periodontal health and gingival bleeding may also cause 
technical problems on placement of restorative materials. The prevalence of 
gingivitis amongst the patients with disability has been reported at almost 100%, 
and 48.0% of patients in the current study had a GBI of over 35.0%. Both saliva 
and blood will reduce the adhesive properties of the restorative material used, 
whether composite resin or glass-ionomer cement. It would be assumed that 
this challenge was overcome during placement of restorations under GA, but 
the results only showed the absence of a significant difference in the survival of 
restorations in permanent but not in primary teeth placed under general 
anaesthesia. Failure was shown to be related to the extent of the lesion to be 
restored, however, with larger restorations faring worse than their smaller 
counterparts. This too, confirms previous results involving large study 
populations whether for ART [21] or conventional treatment outcomes [28]. 
There was also a remarkable difference in the need to administer local 
anaesthesia between people treated with hand instruments (ART) and rotary 
instrumentation (CRT). The reduced need for local anaesthesia with ART is in 
line with results obtained from other studies in which ART was compared to 
CRT in children [29] and adolescents [30]. 
The current study is one of very few clinical trials ever to compare 
different restorative treatment outcomes in special care dental patients. Special 
care dentistry is gradually gaining recognition as a specialty in its own right 
around the world, but the evidence base is still lacking for the adaptation of 
certain clinical techniques to the needs of this population. Clinical research 
involving the population with disability is notoriously difficult, mainly in relation to 
legitimate concerns over informed consent. These problems may be 
compounded when investigating alternative therapeutic approaches that may be 
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perceived as ‘second-class’ treatment options. This point of view was 
expressed in a previous survey of special care dentists’ attitudes to ART, with 
30.0% of respondents perceiving ART as ‘lower quality dentistry’ [10]. Five 
respondents went as far as to say that they would probably not use ART even if 
‘reliable scientific evidence showed the suitability and effectiveness of the ART 
approach in this population’. The results of the current trial refute this persistent 
image of the ART approach as substandard treatment. 
In order to avoid some of the problems discussed above, the current 
study was not designed as a randomised control trial, but respondents were 
encouraged to choose the approach they felt was most appropriate for the 
individual patient. The authors acknowledge that this may weaken the study 
methodology, but if original treatment strategies are required for this unique 
group of patients, then so are original research strategies! The fact that 73.0% 
of respondents chose the ART approach confirms the attractiveness of a 
technique that avoids the drill, the principal advantage of ART perceived by 
special care dentists in the survey by Molina et al. [10]. It is also probable that a 
certain number of the patients, who successfully received ART restorations 
here, would have required GA for placement of conventional restorations. The 
current study was not designed to test this hypothesis, but it would be an 
interesting theory to test in subsequent trials as it raises inevitable questions 
relating to the cost and morbidity associated with providing restorative treatment 
under GA. 
In addition to the non-random assignment of patients to restorative 
strategies, the study presents a certain number of other limitations. No power 
calculation could be performed resulting in an unevenly distributed sample size 
over the treatment group, which was small in terms of numbers of patients 
despite a large number of restorations performed. In addition, no common 
randomisation of patients to a treatment group could be performed. However, 
the attribution of a person to a treatment group was undertaken as arbitrarily as 
possible, by eliminating the influence of the dentist in this decision making 
process as far as possible. Furthermore, the operators could obviously not be 
blinded to the treatment group [31]. Although these are important 
considerations, it must be emphasised that the survival of the restorations was 
assessed by two independent observers, that the inter-consistency test was 
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substantial [32] and that the survival analyses took into account the dependency 
of repeat restorations for a single patient. Therefore, the findings of the present 
study are valid to a high standard considering the nature of the study 
population. 
 
Conclusion 
 
The present study showed that ART restorations using Chemfil Rock and 
EQUIA system survived longer than composite resin restorations over a one 
year period in patients with disability. It is hoped that this evidence may help 
special care dentists to overcome their mistrust of the ART approach and 
encourage them to add this treatment concept to their therapeutic arsenal. The 
ART approach has the potential not only to improve patient experience of dental 
treatment, but also to reduce health costs and patient morbidity by reducing 
referrals for GA. It is now essential to build a stronger evidence base to confirm 
or refute the potential benefits of the ART approach for persons with disability 
suggested by the current results. 
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of the Atraumatic Restorative Treatment approach for people 
with disability. 
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Abstract 
 
Background: Unmet caries treatment need is prevalent among people with 
disability, partly due to difficulties cooperating with conventional dental 
treatment. This study compared Atraumatic Restorative Treatment (ART) with 
conventional restorative treatment (CRT) in the clinic and under general 
anaesthesia (GA), in terms of feasibility, acceptability and respondent 
satisfaction in patients referred for special care dentistry.  
Methods: Patients referred for dental restorative care were treated using either 
ART or CRT approach. Acceptance, feasibility and level of satisfaction with the 
treatment provided was assessed. ANOVA with Bonferroni correction and Chi-
square tests investigated differences in age, gender and Visual Analogue Scale 
satisfaction scores.   
Results: A total of 66 patients (mean 13.6 ±7.8 years) were included and 43 
respondents chose ART. ART was feasible for 47 patients, with optimal 
placement of restorations for 79% of all patients receiving ART. CRT in the 
clinic was chosen by 15 respondents and was feasible for 5 (33%). Local 
anaesthesia was required for 4 of the 47 patients receiving ART and for 3 of the 
5 patients receiving CRT in the clinic. Neither ART nor CRT could be performed 
in the clinic for 14 patients who were treated under GA (21%). Respondent 
satisfaction was higher for those receiving ART than CRT (in the clinic and 
under GA).  
Conclusion: ART is a satisfactory, feasible, acceptable and effective approach 
to restorative dental treatment in patients with disability who have difficulty 
coping with conventional treatment. More research is now required to confirm 
these results in a larger study population. 
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Introduction 
 
Accessibility to dental care for people with disability is an issue worldwide 
and is particularly problematic in developing countries today [1,2]. 
Unfortunately, many countries still lack the policies, systems and services 
required to improve access. Dental treatment for the disadvantaged most often 
depends upon the local efforts of benevolent practitioners or non-governmental 
organisations. Even in the rare countries where dedicated dental services for 
special needs patients do exist, environmental and societal barriers may 
prevent optimal use of services [3,4]. 
When the problem of access to appropriate services is aligned with data 
from the numerous oral epidemiological surveys concerning people with 
disability, it is clear that this population is subject to discrimination and inequality 
in oral health [1,2]. A recent systematic review revealed an equal to lower 
prevalence of caries in adults with intellectual disabilities but a higher 
prevalence of periodontal disease compared to the general population [5]. The 
major differences for the group with disability were a higher number of untreated 
carious lesions, lack of oral care and infrequent use of preventive strategies. In 
terms of restorative dentistry, it is particularly interesting to investigate the 
barriers to the placement of restorations in this population. 
The provision of high quality restorative treatment is related to the 
patient’s ability to cope with the anxiety engendered by treatment and to 
cooperate fully with the demands of the clinical situation [6,7]. Between a 
quarter and a third of adults with intellectual disability are estimated to have 
dental anxiety [8-10]. Unpleasant stimuli, such as the injection of local 
anaesthesia, or the noise and vibration of rotary instruments, may provoke 
disproportionate anxiety and subsequent opposition to treatment both in the 
short and long term [11,12]. In addition, poor muscle coordination, fatigability, 
and oral dysfunction, such as drooling and tongue movement, may compromise 
restorative procedures. The use of moisture sensitive restorative materials may 
be particularly problematic [13]. Sedation or general anaesthesia may improve 
clinical conditions for restorative work [14] but these techniques have their own 
problems in terms of accessibility, cost and patient morbidity and mortality [15]. 
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A recently published systematic review concluded that no uniform 
preventive or restorative treatment programme could be endorsed for persons 
with disability. Reported restorative treatment protocols included the use of 
high-viscosity glass-ionomer and resin-modified glass-ionomer in addition to the 
use of a chemo-mechanical caries removal gel [16]. The review findings 
showed that caries management in people with disability seems to be 
unstructured and that evidence for a specific preventive and/or treatment 
programmes is not yet available. This review, amongst others, suggested that 
the Atraumatic Restorative Treatment approach (ART) might help to reduce 
barriers to restorative care for patients with disabilities [16,17] but no clinical trial 
has yet been reported that tests this theory. 
ART is a non-invasive approach to restorative treatment that is well-
recognised, has a solid evidence base accumulated over the last 25 years, and 
is endorsed by the World Health Organisation [18]. ART involves hand 
instrumentation and placement of high-viscosity glass-ionomer cement 
restorations. The potential advantages of ART in the population with disability 
are that the drill is avoided and the needle is rarely used, and therefore the 
approach is less likely to provoke severe anxiety [18,19]. I In 2012, a survey 
amongst experts in special care dentistry was undertaken to collect opinion 
regarding the ART approach for caries treatment in people with disability. All 
respondents reported having full or moderate knowledge of ART (23.3% and 
63.3% respectively), and 66.7% indicated that the approach was useful for this 
population. However, only 50% of respondents used the approach regularly in 
their practice [20]. One of the barriers cited in the survey was lack of scientific 
evidence supporting the use of ART specifically in the population with disability. 
Therefore, a prospective clinical trial was set up amongst people with a 
disability with the aim to investigate the survival of ART restorations and the 
satisfaction, acceptability and feasibility of ART in comparison to conventional 
restorative care. The survival rates have been recently published and showed a 
98% survival of all ART high-viscosity glass-ionomer restorations and a 91% 
survival of all conventional composite restorations after one year [21]. 
The present study, the first in its kind, is aimed to compare ART with 
conventional restorative treatment in terms of acceptability and feasibility of the 
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approach and respondent satisfaction in a population of patients referred for 
special care restorative dentistry. 
 
Material and methods 
 
Ethics 
Ethical approval was obtained from the local Ethical Committee, CIEIS 
Facultad de Odontología, Universidad Nacional de Córdoba with the reference 
number 38/2012 and the trial was registered at Netherlands Trial Register with 
number 4400. As a detailed report about the methodology used is presented 
elsewhere [21], a shortened version is presented underneath. 
 
Participants 
All patients with a disability referred for restorative treatment to a dental 
hospital clinic over a six months period (Aug 2012 to Feb 2013) were 
considered for inclusion in the study. Patients were examined by one of two 
special care dentists. Medical history was taken. A full description of the 
functional, social and environmental context of the patient was recorded using 
the International Classification of Functioning (ICF Checklist for Oral Health) 
[22]. 
Clinical examination included: 1) report of pain by the patient and /or 
caregiver, and targeted examination of potentially painful teeth; 2) presence of 
dental plaque, assessed according to the criteria of Greene and Vermillion and 
reported using the Simplified Oral Hygiene Index (S-OHI) [23]; 3) gingival 
bleeding, measured on buccal and lingual surfaces of all teeth according to the 
criteria of Ainamo and Bay and reported using the gingival bleeding index (GBI) 
[24] and; 4) dental caries with a dmft or DMFT score according to the criteria of 
the World Health Organization (WHO) [25]. 
 
Inclusion criteria 
Patients with a recognised disability and at least one dentinal carious 
lesion in a primary or permanent tooth without pulpal involvement, spontaneous 
pain or tooth mobility, but in occlusion with the antagonist tooth or teeth and in 
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contact with the neighbouring tooth or teeth, were included in this clinical trial. 
Informed written consent was required for all participants. Consent was 
obtained from the patient him- or herself, if adult and cognitively able to 
consent, or from the patient’s parent or legal guardian. Patients who could not 
be included in the study received appropriate dental treatment in the clinic or 
under GA according to clinical need. 
 
Attribution to treatment group 
At the initial visit, the study aims and design were explained to the 
patients and /or the parents or caregivers (hitherto referred to as ‘respondents’) 
of all those eligible for inclusion. Information was addressed to both patient and 
caregiver so that the patient with intellectual disability could be supported in the 
decision making process. Although caregiver’s perceptions cannot be identical 
to patient’s perceptions, none of the people included in the study had the mental 
capacity to give an independent informed decision, although their opinion was 
always sought. The need for treatment and the presence of carious lesions 
were explained and the respondents were informed of two treatment options, 
both verbally by the dentist, and with the use of printed brochures.  
The brochures had undergone content validation at a meeting of a 
national Association for Disability and Oral Health and had been independently 
piloted in a special care clinic with respondents not participating in the current 
study. Respondents kept the brochures to read at home with the following given 
options: 1) Conventional treatment using rotary instruments, with or without 
local anaesthesia as required, and placement of composite resin under rubber 
dam (CRT). This treatment could be provided in the clinic or under general 
anaesthesia (GA). 2) ART approach [26,27] using hand instruments only, with 
or without local anaesthesia as required, and placement of a restorative high-
viscosity glass-ionomer. 
At the second visit, respondents confirmed their choice of either ART 
treatment or conventional treatment and provided the written informed consent 
necessary for inclusion in the study. 
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Treatment provided 
One of two operators commenced dental treatment using the approach 
selected by the respondent. This led to the following situations: 1) The selected 
treatment could be performed to an optimal clinical standard. If other 
restorations needed to be undertaken, further appointments were scheduled for 
treatment with the same technique. 2) The selected treatment could not be 
performed adequately because of lack of patient cooperation. If the selected 
treatment was the conventional approach, ART treatment was subsequently 
proposed. 3) Neither conventional treatment nor ART could be performed and 
the patient was referred for conventional restorative treatment under general 
anaesthesia (GA). 
At this, and all subsequent appointments, a record card was completed with 
regard to tooth number, cavity type, treatment technique used, need for local 
anaesthesia, whether the treatment was carried out to an optimal clinical 
standard, the difficulties experienced during treatment, and the reasons for 
changing the treatment option if appropriate. 
 
Outcome measures 
Acceptability of the treatment was inferred from the restorative treatment 
selected by the respondents at baseline and the reasons recorded for choosing 
a given treatment. 
Feasibility of the treatment was assessed by recording 1) whether the 
treatment was provided following optimal clinical standards; 2) whether one or 
more difficulties were encountered during treatment; 3) whether the treatment of 
choice could be provided; 4) the reasons for changing treatment approach; 5) 
the need for use of local anaesthesia. 
Satisfaction with the treatment provided was assessed by scoring on a 10-
point visual analogue scale, completed by respondents at 12 months (0=total 
dissatisfaction to 10=complete satisfaction). 
 
Statistical analysis 
Data were entered into Excel® and analysis was undertaken by a 
biostatistician from the Dental School. ANOVA with Bonferroni correction and 
Chi-square tests were used to test for differences between the dependent 
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variables, level of satisfaction, level of acceptability, level of feasibility and the 
independent variables, age, gender, treatment group and medical diagnosis. 
Some tests could not be performed because of too low a number of patients per 
cell. Statistical significance was set at α=0.05. 
 
Results 
 
Study population 
A total number of 66 patients were included in the study with a mean age 
of 13.6 years (SD±7.8; min. 3; max. 39 years). Thirty-six patients were male 
(59%) and thirty patients were female (41%). The most common principal 
medical diagnosis was Cerebral Palsy (39%), followed by Autistic Spectrum 
Disorder (20%), West syndrome (9%), Down syndrome (6%), Mental 
Retardation of unspecified origin (6%) and Rett syndrome (5%). Mean DMFT 
and dmft were 17.3±11.9 and 7.8±8.6, respectively. Prevalence of plaque and 
gingival bleeding was 100 percent. In all, 298 carious lesions were restored, 
182 with ART and 116 with conventional treatment (of which 95 were restored 
under GA) [21]. 
 
Acceptability of the treatments 
The ART approach was chosen at baseline by 43 respondents (73%). 
The main reasons reported for selecting ART were problems coping with noise 
and vibration of the drill (51%), and/or desire to avoid the drill (33%). 
Respondents in this group also cited poor cooperation (23%) and a desire to 
avoid a GA (16%) as a reason for choosing a less invasive approach. 
23 respondents selected the conventional approach, and 8 of these 
patients were programmed directly for treatment under GA. Those who selected 
a conventional approach in the chair stated that they preferred a recognised 
technique (33%), and that they considered conventional treatment to be of a 
higher standard (33%). Some were confident of cooperation as the patient had 
previous experience of treatment and had been able to cope (27%). The 8 
respondents who chose conventional treatment under GA reported that dental 
examination was impossible (n = 3), presence of pain or infection (n = 6), and/or 
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that other treatment was also required in addition to the restorative treatment (n 
= 6). 
Age was not statistically related to treatment option selected (P = 0.34). 
Respondents did not select GA for any female patients and 24 out of 26 
respondents for patients with cerebral palsy selected ART. The pathways taken 
between selected treatment and treatment provided is illustrated in Figure 1. 
 
Feasibility 
Optimal clinical standards for placement of restorations were obtained for 
37 of the 47 patients who received ART treatment (79%). Three out of five 
patients receiving conventional treatment in the clinic had restorations placed 
under optimal conditions and all of those undergoing conventional treatment 
under GA. Moisture control was cited as the main source of difficulty for those 
patients for whom restoration placement was not optimal. 
Difficulties in providing restorations for the 52 patients whom received 
treatment in the clinic were noted, regardless of the ability to provide optimal 
treatment. Main problems included spasticity and uncontrolled movements 
(33%), patient cooperation (29%) and moisture control (17%). Treatment 
presented no problem for only four patients. Moisture control was cited as the 
main source of difficulty (n = 7) for the 12 patients for whom restoration 
placement was not optimal, followed by lack of cooperation (n = 4). 
Seven patients in the conventional treatment group could not have their 
treatment of choice at the first treatment attempt, as they were unable to cope 
with the drill (n = 6) or unable to cooperate (n = 1). All seven of these patients 
went on to receive treatment successfully, and with optimal restoration 
placement, using the ART approach. Three patients in the conventional 
treatment group were moved to the GA group following the first treatment 
attempt because of the quantity of treatment needed, a need for urgent 
treatment of infection or because restorative treatment was not the only 
treatment required. No patient moved from the ART to the CRT in the clinic 
group. Three patients in the ART group were moved to the GA group following 
the first treatment attempt. Reasons given were an inability to provide 
restorations of optimal standard (n = 2) and difficulty cooperating due to 
hyperactivity. 
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Local anaesthesia was required for four of the 47 patients receiving ART 
treatment and for three of the five patients receiving conventional treatment at 
the chair. All patients undergoing GA received local anaesthesia. Age was not 
statistically related to the type of treatment provided (P = 0.36). Ten males and 
4 females were treated under general anaesthesia, and only females were 
treated with CRT in the clinic (n = 5). 
 
Satisfaction with the treatment techniques 
The level of satisfaction reported by the respondents was highest in the 
group that had selected, and subsequently received, ART (mean VAS score 
9.2±0.9), followed by those selecting and receiving conventional treatment 
under GA (mean VAS and SD score: 8.1±1.1) and those selecting, and 
receiving conventional treatment in the clinic (mean VAS and SD score: 
7.4±1.1). Respondent satisfaction was statistically significantly higher for those 
receiving ART than for those receiving CRT in both the clinic and under general 
anaesthesia (Bonferroni; α=0.05). Full satisfaction results are shown in Table 1. 
Figure 1. Flow chart of the selection and provision of different treatment options 
by treatment group and evaluation period of the study group. 
 
Discussion 
 
Methodological aspects 
The current study does, of course, present a certain number of 
limitations. The study size was small in terms of numbers of patients, despite a 
large number of restorations performed and the age group being very wide. In 
addition, respondents in the study represented both patients and their 
caregivers, which raised the problem of proxy perception of treatment and 
satisfaction. The attribution of patients to each treatment group could not be 
randomised given the nature of the study population. This problem was reduced 
by asking the respondents to select a treatment option, rather than the dentist. 
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Table 1. Selected and provided treatment, and the level of satisfaction of 
patients/caregivers at 1 year follow up 
  
First appointment: 
DMFT/ dmft/ S-OHI/GBI /                                                                                                                                      
ICF Chart /Informative brochures 
Inclusion criteria: 
Children/adolescents/adults with, 
at least 1 cavity in a primary or 
permanent tooth without pulp 
involvement, stimulated pain, 
mobility, and in occlusion with the 
opponent teeth and in contact with 
the neighboring teeth. n=66 
 
CRT/in clinic 
 
 
 
 
-Rather stay 
with 
restorative 
strategies that 
they know 
-Association 
of ART with 
lower quality 
restorations 
-Want 
“ordinary” 
treatment like 
“ordinary” 
patients 
 
CRT/GA 
 
 
 
 
-Not possible 
to carry out 
dental 
examination 
-Require 
extensive 
dental care 
-Require too 
many 
restorations 
-Urgent need 
for treatment 
ART 
 
 
 
 
-Cannot bear 
vibration 
and/or noise 
of the drill 
-Spasticity, 
triggered by 
the drill 
-Want to 
avoid GA 
Treatment 
Selected n=15 n=8 n=43 
Treatment n=5 n=14 n=47 
provided 
Nr=21 Nr=116 Nr=182 
n=3 n=3 
n=7 
6 MONTHS FOLLOW UP 
DMFT/ dmft/ S-OHI/GBI and Survival of restorations (ART Criteria) 
12 MONTHS FOLLOW UP 
DMFT/ dmft/ S-OHI/GBI                        
Survival of restorations (ART Criteria)  
Level of satisfaction with the treatment provided (VAS), Table 1. 
References: ART=Atraumatic Restorative Treatment; CRT=Conventional Restorative 
Treatment; n=numb r of patients; Nr=number of restorations; DMFT/dmft=decayed, missing 
and filled teeth; S-OHI= Simplified Oral Hygiene Index; GBI=Gingival Bleeding Index; ICF= 
International Classification of Functioning, Disability and Health; VAS=Visual Analogue Scale. 
 
90.5±3.2
% 
97.8±1.0
% 
118 
 
Table 1. Selected and provided treatment, and the level of satisfaction of 
patients/caregivers at 1 year follow up 
 
TREATMENT 
SELECTED TREATMENT PROVIDED 
Frequency 
Percentage 
Mean level of 
satisfaction ±  SD ART 
CRT/in 
clinic CRT/GA Total 
ART 40 
60.6 
9.2±0.8 
0 
0.00 
 
3 
4.6 
7.6±0.6 
43 
65.2 
CRT/in clinic 7 
10.6 
8.8±0.9 
5 
7.6 
7.4±1.1 
3 
4.6 
7.6±1.1 
15 
22.7 
 
CRT/GA 0 
0.00 
 
0 
0.00 
 
8 
12.1 
8.4±1.2 
8 
12.1 
 
Total 47 
71.2 
 
5 
7.6 
14 
21.2 
66 
100 
 
ART= Atraumatic Restorative Treatment; CRT= Conventional Restorative Treatment; 
GA= General Anaesthesia; SD= Standard Deviation 
 
By doing so, it was possible to follow a comprehensive framework for 
conceptualising the quality of the service provided by searching the reasons for 
choosing one or the other procedure, exposing expectations with regards the 
options that were offered, and receiving feedback on level of satisfaction with 
the service received [28].Quality is a complex concept and the definition of good 
quality often depends on the person defining it. However, for policy makers, 
health providers and managers, it is important to measure the quality of health 
strategies in order to develop better programmes, not only for improving access 
to care but also to meet the needs of the population with effective solutions [28]. 
Visual analogue scales, are commonly used in quality research in Health 
Science to assess subjective variables, such as pain. Such tools are valuable in 
the investigation of domains such as patient expectations and level of 
satisfaction in clinical studies, and have been previously used as proxy 
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measures [29]. In this study, only an absolute scale was feasible as 
respondents could not compare their level of satisfaction with regards different 
treatment modalities of which they had no experience. Inclusion of such 
measures offers a relatively holistic understanding of how different therapeutic 
strategies impact on the well-being of those participating in a clinical study. 
 
Main findings 
The results of the present study show that ART appears to be a more 
satisfying, feasible, acceptable and effective approach to restorative treatment 
in patients with disability than the conventional restorative treatment. 
In terms of acceptability, ART was the approach of choice at baseline for 
patients and/or their caregivers, and it gave the highest level of satisfaction 
post-treatment, whether it had initially been selected or not. The main perceived 
advantage of this approach was avoidance of the dental drill, which is 
associated with noise, vibration and water spray. All of these stimuli may be 
difficult to cope with for both persons with anxiety disorders and persons with 
functional disability, such as spastic movement or swallowing difficulties. 
Another advantage of the ART approach is that it is rarely necessary to use 
local anaesthesia and therefore the patient avoids the anxiety related to needles 
and injections. In the present study, only four patients required local 
anaesthesia for ART treatment. A final advantage perceived by patients and 
caregivers was the potential to avoid an intervention under general anaesthesia. 
This aspect of ART is particularly significant for persons with disability who often 
present multiple medical diagnoses and are at higher risk of the problems of 
morbidity and mortality associated with GA [15]. In addition, it makes the 
technique attractive in terms of improved accessibility to general dental 
services, thus reducing the health costs associated with the treatment of this 
population. 
It is interesting to find that the 23 respondents who selected the 
conventional approach stated that they would rather stick to better-known 
alternatives, relating ART to lower quality treatment standards. This point of 
view was expressed in a previous survey of special care dentists’ attitudes to 
ART, with 30% of respondents perceiving ART as ‘lower quality dentistry’ [20]. 
Five respondents went as far as to say that they would probably not use ART 
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even if ‘reliable scientific evidence showed the suitability and effectiveness of 
the ART approach in this population’. It is hoped that the present results, 
confirming a higher survival rate for ART than conventional restorations at 12 
months, may help to dispel the persistent mistrust of ART amongst 
professionals and encourage them to add this approach to their therapeutic 
arsenal. 
The results of the current study show that not only was ART treatment 
more feasible in the clinic than conventional treatment but that a higher 
proportion of ART restorations could be placed under optimal conditions. This 
finding is extremely important when taken in parallel with the types of disability 
presented by the study population and also the difficulties reported by the dental 
practitioners during treatment. It would seem that ART proves to be a more 
effective solution for patients unable to cope with conventional treatment in the 
clinic, even in service conditions where adjunctive management techniques 
(such as conscious sedation) are present. In addition, previous authors have 
suggested that positive behavioural changes towards future dental care may be 
observed in patients with intellectual disabilities following use of minimally 
invasive techniques [30]. 
The ART approach clearly has the potential to greatly improve patient 
experience of dental treatment and to improve access to restorative treatment in 
the clinic. It could also be speculated that health costs and patient morbidity 
might be reduced by diminishing referrals for GA, although further research is 
necessary to quantify the potential benefits. In conclusion, this study is the first 
of its kind in the population with disability and it confirms the acceptability and 
the feasibility of the use of the ART approach for these patient groups. 
However, larger, long-term studies are needed in order to build a stronger 
evidence base to confirm or refute the positive benefits of the ART approach for 
persons with disability suggested by the current results. 
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Chapter 8 
 
 
 
Summary, General discussion, Conclusions and 
Recommendations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The various studies are summarized and their methodology and main findings 
are discussed, as is the possible impact of this thesis on future provision of 
treatment for people suffering a disability. Finally, the conclusions of this PhD 
research are presented, together with recommendations. 
  
126 
 
8.1 Summary 
 
Caries is usually one of the many diseases on a long list of worrying 
conditions in physically and/or intellectually disabled people. Epidemiological 
data comparable age groups have shown that disabled people have an equal to 
lower prevalence of dental caries, but a higher prevalence of periodontal 
disease, than found among the general population. Major differences between 
the two groups include: lack of oral care, increased number of untreated tooth 
cavities and low utilization of preventive strategies in people belonging to the 
first group. Patients with different impairments are aware of the importance of 
good oral health. However, preventing and/or treating their caries lesions has 
faced several obstacles. These include, anxiety for conservative treatment, 
limited access to oral healthcare and barriers to receiving caries treatment. In 
particular, the virtual absence of preventive care and the high level of treatment 
needs have been instrumental in searching for feasible alternatives for 
improving their oral health. Although health service systems, and particularly 
caries treatment approaches, vary from country to country throughout the world, 
utilization of dental services by people with disabilities is low. Their high levels 
of unmet treatment needs reflect this. Therefore, alternative, less fear-inducing 
preventive/therapeutic strategies, aimed at increasing access to oral care for a 
larger proportion of this population, are needed (Chapter 1).  
As a first step in the process of identifying an appropriate caries 
management concept for people with disability, a systematic review of the 
existing preventive and therapeutic treatment regimes was undertaken 
(Chapter 2). Three databases, covering the period 1 January 1991 to 1 
February 2011, were searched. Randomized clinical trials, case-control, cohort 
studies and systematic reviews, published in English, Spanish, Portuguese, 
French and German, were investigated. Only eight papers met the inclusion 
criteria. Five covered caries preventive programmes and three, restorative care 
programmes. Owing to the heterogeneity, quality, number, types and outcomes 
of the studies included in this review, extraction of a common strategy for the 
prevention and treatment of dental caries in people with disabilities was not 
possible. In light of the urgent need for such strategies, it was suggested that 
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international associations dealing with the production of scientific evidence, and 
those related to disability and oral health, should promote the development of 
quality research, in order to develop guidelines for the prevention and treatment 
of dental caries in disabled people. Atraumatic Restorative Treatment (ART) 
was suggested as a potentially useful concept in the treatment caries lesions in  
persons requiring special care dentistry, although its use in this population was 
reported only once.  
However, if ART is to be applied in a healthcare system for people with 
disability, its suitability and acceptance amongst care providers should first be 
investigated. Therefore, a study aimed at investigating the opinions of special 
care dentistry experts regarding these concerns was conducted amongst 30 
experts from around the world, using a validated questionnaire (Chapter 3). All 
respondents reported having full or moderate knowledge of ART (23.3% and 
63.3%, respectively), and 66.7% indicated that they felt that ART was useful for 
this population. However, only 50% of respondents used ART regularly in their 
practice and 5 (16.7%) replied that they would never use it, even if studies 
would show that ART was very effective in this population. Barriers against the 
introduction of ART into special care dentistry were discussed and one of the 
conclusions highlighted the need for training in ART and for further clinical 
research into its effectiveness and acceptance amongst patients and care 
providers. 
High-viscosity glass-ionomer is the material commonly used with the 
ART approach. However, the oral cavities of people with disabilities function 
differently from those of people without disabilities. A main concern, therefore, 
was to find the most appropriate restorative material with the following features: 
easy to manipulate and fast setting with acceptable mechanical and biological 
properties. Finding a restorative glass-ionomer with better mechanical 
properties than those normally used with ART was, therefore, very important. At 
the time this PhD research project was proposed, two encapsulated high-
viscosity glass-ionomer restorative cements (EQUIA system and Chemfil Rock) 
had been launched on the market recently. These glass-ionomers were 
compared with traditional hand-mixed high-viscosity control materials (Fuji 9 
Gold Label and Ketac Molar Easymix), with respect to their diametral tensile, 
compressive and flexural strength (Chapter 4). Specimens for testing of flexural 
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(n=240) and diametral tensile (n=80) strength were prepared according to 
standardized specifications, A tooth-model of a class II ART restoration was 
used in measuring compressive strength (n=80). ANOVA and Tukey B tests 
were used to test for significant differences between dependent and 
independent variables. The EQUIA system and Chemfil Rock had significantly 
higher mean scores for all the three strength variables than those of Fuji 9 Gold 
Label and Ketac Molar Easymix (α=0.05). The EQUIA system had significantly 
higher mean scores for diametral tensile and flexural strengths than Chemfil 
Rock (α=0.05). It was concluded that the two encapsulated high-viscosity glass-
ionomers had significantly higher test values for diametral tensile, flexural and 
compressive strength than those of the commonly used hand-mixed high-
viscosity glass-ionomers.  
Although the in-vitro study demonstrated better mechanical properties for 
the encapsulated cements, it was suggested that early mechanical properties of 
high-viscosity glass-ionomer cements needed to be further enhanced in order to 
achieve long term restoration survival rates in people with disabilities. A 
procedure for achieving this aim involved heating the cements during their 
setting. Application of heat was done through use of a high intensity LED curing 
lamp (1400mW/cm2). The aim of the in-vitro study was to investigate the effect 
of heating on the mechanical properties of the same four glass-ionomer 
cements that had been tested in the study presented in Chapter 4, using  the 
biaxial flexural strength (BFS) test. (Chapter 5). Speciments of 2.1(SD±0.5) mm 
thick and 13 (SD±0.5)mm in diameter of Fuji 9 Gold Label, Ketac Molar 
Easymix (hand-mixed), Chemfil Rock and EQUIA system (encapsulated) were 
prepared and divided into three treatment groups of 30 speciments each. These 
groups were: 1) without heating, 2) heated with a LED-lamp of 1400 mW/cm2 
for 30s and 3) heated with the same lamp for 60s during the setting stage of the 
cement. The disc-shaped speciments were prepared with the use of 
polytetrafluoroethylene ring moulds. An acetate strip was placed over the glass-
ionomer first followed by a polished glass slab of 1 kg for spreading the material 
evenly throughout the mould. For treatment protocol groups 2 and 3, the glass 
slab was removed after 5s but the acetate strip was left on top. The LED curing 
light was placed on top of the glass-ionomer cements speciments, making 
contact with the acetate strip, and light-cured the material for either 30s (Group 
129 
 
2) or 60s (Group 3). After heat curing, the glass slab was replaced over the 
mould. Speciments were stored for 48 hours in distilled water at 37ºC and then 
tested in a universal testing machine with a crosshead speed of 1mm/min. Data 
were analyzed, using ANOVA test with Bonferroni correction (α=0.05). The 
mean BFS scores for the hand-mixed high-viscosity glass-ionomer cements 
were statistically significantly lower than those of the encapsulated high-
viscosity glass-ionomer cements in all treatment groups. There was no 
statistically significant difference in mean BFS scores between the EQUIA 
system and Chemfil Rock at 30s and 60s (p>0.05). Heating the glass-ionomer 
cements with an LED curing lamp of 1400mW/cm2 during setting for 30s had 
increased the BFS of high-viscosity glass-ionomers, thereby had increased their 
mechanical properties.  
The restorative materials having been selected, a pilot clinical trial was 
conducted to assess the survival of ART restorations in comparison to that of 
conventional restorations using composite resin in patients with different 
medical diagnoses referred to the University Dental Hospital (Universidad 
Nacional de Córdoba) for caries treatment. Sixty-six patients (13.6±7.8 years) 
with 16 different medical disorders were enrolled. They and/or their 
parents/caregivers (respondents) were provided with verbal and written 
(brochures) information regarding the ins and outs of two treatments, ART and 
Conventional Restorative (CRT) (Chapter 6). As a randomization process could 
not be carried out in this group of patients, respondents selected one of the 
treatment approaches. Patients were referred for treatment under general 
anesthesia when the two alternative treatments were proven unfeasible. The 
survival of restorations was determined over a 12-month follow-up period. 
Evaluation was performed by two trained and calibrated examiners using the 
ART restoration assessment criteria. The Proportional Hazard model with frailty 
corrections was applied for calculating survival estimates over the one year 
period. In all, 298 dentine carious lesions were restored in primary and 
permanent teeth, 182 (ART), 21 (CRT/clinic) and 95 (CRT/GA). The 1-year 
survival rates and jackknife standard error of ART and CRT restorations were 
97.8±1.0% and 90.5±3.2%, respectively (p=0.01). The short-term results 
indicated that ART appears to be an effective treatment protocol for 
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restoratively treating patients with disabilities, many of whom experience 
difficulty in coping with the conventional restorative treatment.  
This clinical trial also aimed to compare ART with CRT in terms of the 
acceptability and feasibility of the approach and respondent satisfaction with the 
treatment received (Chapter 7). For that purpose, reasons for the selection and 
for the need of a change (if appropriate) were recorded at baseline. Outcomes 
of the procedures in terms of difficulties and barriers encountered were 
recorded during the treatment sessions. Level of satisfaction with the treatment 
provided was assessed through a 10-point visual analogue scale, (0=total 
dissatisfaction to 10=complete satisfaction), that was filled in by respondents at 
12 months. CRT in the clinic proved feasible for 5 (7.6%%), the ART approach 
for 47 people (71.2%), and 14 people received CRT/GA (21%). The level of 
satisfaction reported by the respondents was highest in the group that had 
selected and subsequently received ART treatment (mean VAS score 9.2±0.9), 
followed by those who had selected and received conventional treatment under 
GA (mean VAS and SD score: 8.1±1.1) and those who had selected and 
received conventional treatment in the clinic (mean VAS and SD score: 
7.4±1.1). The difference between the mean VAS score for the ART and CRT 
treatments was statistically signicicant (α=0.05). It was concluded that the ART 
approach is a satisfactory, feasible, acceptable and effective approach to 
restorative dental treatment in patients with disability who may have difficulty 
coping with conventional treatment.  
 
8.2 Methodological aspects 
 
Introduction  
This PhD thesis follows a logical sequence of investigations aimed at 
improving the management of dental caries in patients with disabilities. It starts 
with a systematic review into the available preventive and restorative care 
options, followed by a behavioural study assessing the opinions of experts in 
special care regarding their perceptions of the Atraumatic Restorative 
Treatment (ART) approach as a suitable care model for treating people with 
disabilities. Then the best restorative glass-ionomer material for use with the 
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ART was investigated and the thesis is concluded with a clinical trial 
investigating the short-term effectiveness of ART and its acceptability and 
suitability, from the care receiver perspective, in treating people with a disability.  
 
Systematic review 
Special Care Dentistry is gradually gaining recognition as a specialty in 
its own right around the world, but evidence for the effectiveness of most of the 
care models used is lacking. This might be due to the difficulties involved in 
carrying out investigations according to the required standards, because of 
ethical reasons and because of the special characteristics of people with 
disabilities. Former definitions of “people with disability” were based on medical 
diagnosis which encouraged scientific reports to list only a certain number of all 
the possible features related to people with a certain medical condition. 
Therefore, most treatments had high levels of individual variation that prohibited 
recommendations for general use. This resulted in the appearance of case 
reports describing the effectiveness of therapeutic strategies, mainly based on 
limited scientific evidence.  
Against this background, it was expected that a low number of 
publications would meet the criteria for inclusion in the systematic review. In 
view of this deficiency, a decision was made to extend the review inclusion 
criteria and include non-randomized clinical trials and cohort and case-control 
studies. That this strategy did not significantly increase the number of eligible 
papers indicates that there is an urgent need for well-designed studies to be 
carried out amongst people with disabilities. It also indicates that the specialty of 
Special Care Dentistry ought to encourage their members to engage in 
investigations that meet the required scientific standard. Nevertheless, the 
review process provided valuable information that served as the basis for the 
clinical study (Chapter 6).  
 
Behavioural study 
A high percentage of people with disability have a high percentage of 
unmet dental caries treatment needs [1]. This was thought to be related to the 
availability of traditional treatment approaches that are experienced by many as 
traumatic and, therefore, unsuitable. Therefore, instead of mere referral of 
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people with disabilities for treatment under general anaesthesia, research into 
new caries treatment approaches was needed in order to improve their access 
to healthcare. However, one barrier to the introduction of innovations like that of 
ART is the inflexibility of dentists and their resistance to change. Many think that 
the only way of treating people with disabilities is to use the techniques that they 
were taught as undergraduates or during the specialty course and implement 
every day. New developments appear to lack acceptance. 
A study covering experts in Special Care Dentistry (SCD) was thought to 
be a useful vehicle that could reveal with a certain level of objectively, not only 
their opinions but also their attitudes towards a shift to new therapeutic 
strategies. A perfect opportunity emerged at the special meeting of international 
SCD experts (IADH-Scipe Taskforce) held in Antalya, Turkey, during the annual 
meeting of the ADEE (Association of Dental Education in Europe), September 
2011. A semi-structured survey was carefully designed, following all the steps 
required for creation of a reliable and validated questionnaire. Although the 
sample size was small and conveniently drawn, all respondents were able to 
respond in a non-threatening atmosphere. That may have influenced the 
reliability of the data obtained, and the fact that the respondents knew the 
principal researcher might have further influenced the choices made by the 
respondents. One disadvantage of using this group of specialists may have 
been related to their selection for attending the meeting. This meeting was 
designed with the aim of discussion amongst a group of SCD specialists with a 
keen interest in introducing a new and unified undergraduate international core 
curriculum in SCD. Consequently that group may have outnumbered their more 
conservative colleagues. Therefore, commenting on the internal and external 
validity levels of the study is difficult. Nevertheless, there appear to be no major 
reasons for doubting the correctness of the outcomes of this study, the first of 
its kind. 
 
Testing mechanical properties of glass-ionomers for use with the ART 
approach 
High-viscosity glass-ionomer cement is currently the restorative material 
of choice for use in ART. Biological features of this material are in line with the 
IADR and FDI recommendations regarding restorative materials, especially 
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after their acceptance of the UNEP agreement on Mercury in 2013 by phasing 
out the use of dental amalgam [2]. However, its mechanical behaviour is still a 
matter of concern, especially for multiple-surface restorations in stress-bearing 
situations. Because of the often uncontrolled jaw movements and/or strong 
grinding of people with disability; it was of paramount importance that the best-
performing glass-ionomer be used while ART was applied. Therefore, newly-
launched encapsulated high-viscosity glass-ionomers were compared to 
commonly used hand-mixed high-viscosity glass-ionomers. The tests used were 
those commonly used in testing mechanical characteristics of restorative 
materials and they were performed according to the standard requirements. 
Power calculations were done. Reliability of evaluations was tested and found 
to be high. Even a relatively new improved mechanical test for assessing 
flexural strength was used.  
 The study design did not include a positive control group of a resin-based 
restorative, as the purpose of this study was to identify the best-performing 
restorative material for application with ART in people with a disability. That 
excluded the use of a resin-based restorative. It is fair to conclude that the two 
in-vitro studies were carried out according to a high level of scientific rigor. 
 
Clinical trial 
In investigating the feasibility and effectiveness of the ART approach for 
treating dentin caries lesions in people with disability, deviation from the 
common randomizing allocation of people to different treatment groups under 
study is necessary. Levels and types of disability differ too much in people with 
disabilities and this fact a priori affects the treatment offered. Therefore, a novel 
selection process was introduced that controlled patient and evaluator bias, the 
latter only to a certain extent, as the two glass-ionomers used differ slightly in 
colour. Operator bias could not be controlled, which is common in studies that 
use distinct treatment differences.  
Allowing parents/carers to select the treatment option presented 
advantages and disadvantages. It was possible to follow a comprehensive 
framework for conceptualising the quality of the services provided, by searching 
the reasons for choosing one procedure or the other, thus exposing their 
expectations regarding the options offered and receiving feedback about levels 
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of satisfaction about the services received by the patients [3]. On the other 
hand, not every patient had an equal chance of being selected for a particular 
treatment. However, through use of the brochure selection method the highest 
possible level of bias control attainable in studies covering people with 
disabilities was obtained. Other reasons for regarding the present study as 
appropriately performed include the absence of a statistically significant 
difference between the major oral health related conditions of the study groups 
at baseline, which is an important prerequisite for proper comparison of 
treatments. 
The methodology used in this clinical study presented several points for 
discussion. The sample size was small in terms of the number of patients 
enrolled, but large in terms of the number of restorations placed. The latter 
condition necessitated a correction of dependency of restorations in the survival 
analysis, for which the Proportional Hazard Rate Regression model with frailty 
correction was used. According to Landis and Koch (1977) [4], the inter-
evaluator consistency was substantial and the attrition rate after one year was 
low. Therefore, it can be concluded that, under the prevailing circumstances of 
a clinical trial conducted amongst people with disabilities, a high level of 
scientific rigour was attained.  
Behavioural research was applied for assessing variables related to the 
suitability of the ART approach. Acceptability of the treatment was inferred from 
the restorative treatment selected by the respondents at baseline. Reasons for 
choosing a given treatment were recorded. Feasibility of the treatment was 
assessed by recording: 1) whether the treatment was provided following optimal 
clinical standards; 2) whether one or more difficulties were encountered during 
treatment; 3) whether the treatment of choice could be provided; 4) what the 
reasons for changing treatment approach were; 5) whether there was a need for 
the use of local anaesthesia and 6) how high the survival of restorations at 12 
months was (assessed by two calibrated independent examiners at 12 months 
using the ART restoration criteria). In order to determine whether the final 
outcomes had met the previous expectations of patients/parents/caregivers, 
one year later the research team asked them to rank their levels of satisfaction 
with the treatment that had been provided. For this a 100mm visual analogue 
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scale, ranging from 0 (the treatment did not meet their much higher 
expectations) to 10 (the treatment provided exceeded their expectations. 
Visual analogue scales (VAS) are instruments for quality research in 
Health Science commonly used to assess subjective variables such as pain, 
and has been suggested as a valuable tool that helps to include domains such 
as patient expectations and satisfaction levels in clinical studies [5]. In this 
study, only an absolute scale was feasible as respondents received only one 
treatment and thus could not compare their levels of satisfaction regarding 
different ones.  
 
8.3 General discussion of findings 
 
Current preventive/therapeutic strategies for caries management in 
people with disability 
The systematic search of publications related to programmes geared to 
prevention and treatment of caries lesions in people with disabilities found only 
a few suitable publications, which were very diverse in their implementation and 
only two were truly randomized studies. The review included studies up to 
February 2011. A subsequent literature search using PubMed and LILACS up 
to January 2014 did not retrieve any additional studies. Therefore, the findings 
of the critical review showing that caries management in people with disabilities 
seems to be unstructured and that evidence of a specific preventive and/or care 
programme is not yet available, is still valid. Clinical guidance can, therefore, 
not be produced. 
Although it is clear that preventive and therapeutic resources for people 
with disability have to be adapted to overcome physical and/or behavioural 
barriers, the absence of such information in the literature left a question floating 
in the air: Are special care dentists aware of the need for new strategies that 
really meet the treatment needs of this population? Moreover, do such 
strategies have to be based on scientific evidence?  
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Behavioural study 
This study demonstrated that experts in Special Care Dentistry report 
high levels of knowledge regarding ART (87% with full or moderate knowledge) 
and positive attitudes towards the technique (67% felt it was a reliable strategy). 
However, in terms of behaviour only 50% of respondents used the technique 
regularly. Given the high level of scientific evidence favouring the ART 
technique when used in other populations [6], the gap between knowledge, 
attitudes and behaviour in this small group of experts is surprising. The majority 
of respondents identified aspects of restorative treatment compatible with the 
use of ART for children and adults with disabilities. Over 70% of respondents 
were also able to identify the major strengths of the approach, all of which are 
particularly relevant to the population requiring special care, where behaviour 
management issues are often paramount. The fact that ART can be provided 
without the need for local anaesthesia, without the need for drilling and that it 
provides a fluoride-based restoration plus a fissure sealant in one rapid session, 
should, at least on paper, make it the ideal technique for use in patients 
requiring special care [7]. So why was/is the use of this patently atraumatic 
approach not more widespread? 
The respondents identified certain aspects of the technique that require 
further development, including doubts as to the reliability of the restorative 
materials and the difficulty of providing rapid but high-quality treatment in 
difficult situations. Thirty percent felt that further scientific evidence is required 
to support the use of ART in this population. This is understandable and clinical 
research in the field of disability and oral health has been raised as a major 
requirement for improving the underlying evidence in daily practice and in 
teaching undergraduates and postgraduates [8]. However, it should be noted 
that there is virtually no evidence base for any therapeutic strategies for 
managing dental caries in children and adults with disability. It would therefore 
seem that behavioural barriers to the clinical application of ART by special care 
dentists lie more in clinical tradition and professional norms than in any truly 
objective criticism of the approach. This theory is supported by the fact that 5 
respondents in the present study, who do not currently use ART, were still 
unsure about whether they would do so even if ‘reliable scientific evidence 
showed the suitability and effectiveness of the ART approach in this population’. 
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It might be hypothesised that professionals from developed countries 
may use ART less frequently and perceive it less favourably than those from 
developing countries, as they may have alternative solutions for problems of 
cooperation, such as access to sedation and general anaesthesia facilities. This 
hypothesis was not supported by the data of this small study, as there was no 
difference in use of ART between respondents from developed or developing 
countries. 
In the study described in Chapter 3, respondents were asked an open-
ended question about perceived barriers to the use of ART and were able to 
answer freely. The free answers were then grouped according to content into 7 
meaningful domains. The most frequently cited barrier was the placement of 
restorations under difficult conditions – although any type of restoration can be 
assumed difficult to place in this population when cooperation is limited. The 
use of ART does not preclude the use of conscious sedation. It is true that ART 
requires the restoration to be placed into a saliva-free cavity and this reply might 
therefore be related to the common conception that amalgam placement is 
more ‘forgiving’ of a local environment. Dentists may be sceptical about the 
longevity of glass-ionomer restorations, although there is now ample evidence 
in the literature, supporting the use of these materials [9,10]. Of the dentists 
replying to this survey, 80% qualified more than 15 years ago and it is likely that 
they were all taught that decayed dentine has to be entirely removed. Scientific 
opinion regarding this problem has changed with the development of the 
Minimally Invasive Dentistry concept, but application of the new philosophy is 
slow, even within dental universities [11]. Most dentists will understandably 
prefer to stay with ‘tried and trusted’ techniques in which they have confidence. 
This inertia may be compounded by social health systems that do not recognise 
or reimburse ART treatment. 
The most interesting of the barriers cited was the ‘preconception of lower 
quality dentistry’, cited by 30% of respondents. Likewise, reasons recorded for 
selecting one treatment option in the clinical study, as described in Chapters 6 
and 7, patients/parents/caregivers who had chosen the conservative restorative 
treatment had done so in the belief that ART represented lower quality dentistry. 
Somehow in the professional, and probably in the public psyche, highly 
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technical, preferably expensive, treatment has become synonymous with 
‘quality’. Why should ART be considered a ‘third world’, ‘second rate’ treatment? 
Lately, in the United States of America, ART has been associated with a 
similar, but certainly not identical, concept: The Interim Therapeutic 
Restorations (ITR) [12]. As stated by the American Academy of Pediatric 
Dentistry, IRT is to be used for restoring and/or preventing caries in, among 
others, uncooperative patients and patients with special health care needs -the 
same target group as that which this PhD study aimed to serve. The definition 
of IRT extends the approach to situations where traditional cavity preparation 
and/or placement of traditional dental restorations are not feasible and 
treatment needs to be postponed. There is a major difference between ITR & 
ART in this regard. In ITR application, it is assumed that decayed tissue is left 
behind, whereas the protocol for the correct use of the ART approach requires 
that all infected dental tissue be removed. The definition of ITR seems to view 
manual excavation as less effective than excavation with rotary instruments 
(traditional cavity preparation), almost denying important scientific evidence [6]. 
It also seems to ignore the fact that no restorative material available to date 
(metals, plastics and minerals) meets the criteria of a “definitive” filling [2], and 
any restorative material thus merely provides an interim filling. Furthermore, 
survival rates of ART restorations equal to those of amalgam support the 
effectiveness of the approach as a long-term therapeutic strategy for the 
management of caries lesions [6].    
The Primary Health Care Approach was developed by the WHO in 1978 
and includes clear statements about the use of appropriate, sustainable 
technology and the importance of prevention in the reduction of health 
inequalities [13]. The development of ART has followed these guidelines 
faithfully, so why should this simple, effective, evidence-based public health 
measure be shunned for fear of ‘downgrading’? It would seem that the major 
issues in oral public health have yet to reach the surgery or office where 
treatment decisions are being made, even in the domain of special care 
dentistry where professionals are at the forefront of the battle against health 
inequalities.  
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Selection of best restorative materials 
Although excellent survival rates have been reported for single surface 
restorations in long-term follow-up studies, significantly lower survival values 
have been described for multiple surface restorations. One of the main reasons 
related to these failures was associated with the mechanical properties of the 
glass-ionomer cements. 
Innovations in these cement formulations have enhanced clinical 
performance throughout the history of the ART approach [14]. If ART were to be 
used amongst people with disability, the availability of a glass-ionomer able to 
withstand the effect of grinding of teeth, often observed in this population, would 
be needed. Such glass-ionomer should consist of properties like fast setting and 
high resistance against material fracturing and it would need to show high 
compressive and flexural strength after initial setting. Such a restorative would 
not only be suitable for providing restorative care in people with disabilities but 
could also improve the survival rates of multiple-surface ART glass-ionomer 
restorations in primary and permanent teeth [15]. 
Improving the physical-mechanical properties of restorative glass-
ionomer cements has been a great challenge for researchers. Introduction of 
new glass fillers, nanotechnology, modified liquid formulas and other 
innovations have been investigated in order to reach the material´s maximum 
potential as a valid alternative of dental amalgam or even resin-based 
composites [16].  
The superior results for mechanical properties of the two encapsulated 
glass-ionomers tested in these in-vitro studies were associated with several 
factors:  
1) The advantages of encapsulated cements over hand-mixed formulations: 
It is known that in the use of hand- mixed glass-ionomers an extrinsic 
variability is introduced that may affect their performance [17]. This 
variability is dependent on the powder-to-liquid ratio, the number of 
porous elements or voids in the hand-mixed specimens and the precision 
of the operator in inserting the mixture into the moulds and the cavities. 
Use of encapsulated glass-ionomers nullifies the effect of that variability.  
2) The coating agent added to the surface of the glass-ionomer of the EQUIA 
system: This contains a nanofilled resin that may have contributed 
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significantly to the increased resistance of the material to mechanical 
forces. This assumption is supported by the results of an in vitro study 
which tested the influence of a resin coat (G-Coat Plus) spread over Fuji 
9 Extra and Ketac Molar Easymix [18].  
3) The incorporation of reactive glass fillers modified with zinc oxide - which are 
easily released from the matrix - as well as the increment of itaconic acid 
in the liquid of Chemfil Rock, may explain the higher resistance of this 
new glass-ionomer than that of the hand-mixed glass-ionomers. They act 
as network modifiers that increase reactivity of the powder, thus 
speeding maturation of the cement [19]. 
Development of mineral-based materials is currently being researched, 
owing to the potential of these materials to mimic tooth structures in a 
restorative procedure. Good results in physical-mechanical properties have 
been reported for the EQUIA system and Chemfil Rock [20,21] since the in vitro 
studies described in Chapter 4. Modification of cavity preparations through 
retention grooves in order to improve the ability of the material to withstand the 
grinding/chewing load in multiple-surface restorations is also being developed. 
On the other hand, a different approach with the same aim would be the 
introduction of enhanced formulations based on new polymeric architectures of 
the acrylic acid, which have been shown to improve the mechanical 
performance of these materials [22].  
Speeding the maturation of these encapsulated materials by means of 
heat application during their setting also showed an increase in early 
mechanical properties, as described in Chapter 5. Other studies have also 
concluded that heat application improved the surface mechanical properties of 
conventional glass ionomer cements [23], although some reports did not find 
significant improvement in the compressive strength of Chemfil Rock and 
EQUIA with the application of a curing light for 20 or 60 s during their setting 
period [24]. According to these results, there is no advantage in using heat 
when restoring a tooth with glass-ionomer cement. The key of this dilemma 
seems to be centered on the kinetics of the chemical setting reaction of the 
cement. Further studies should be carried out to determine the appropriate 
timing for heat application, duration of the exposure and the temperature output 
of the curing devices that are suitable for heat-curing.     
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Survival of ART and CRT restorations 
In the present study, a high rate of success in the survival of restorations 
was found at 6- and 12-month follow-ups, with a statistically significant 
difference between ART and CRT restorations over the one year period. It was 
surprising that survival rates of all type of restorations were high, considering 
that oral health status at baseline revealed high caries scores, poor oral hygiene 
and a high prevalence of patients with gingival bleeding. The highest survival 
rates were obtained in single-surface restorations in comparison to multiple-
surface restorations.  
Ten years prior to the trial described in Chapters 6 and 7, a clinical study 
was carried out in Córdoba city (Argentina), to test the performance of ART 
restorations (with and without the use of a chemical caries removal agent) in 25 
patients with disability [25]. A hand-mixed high-viscosity glass-ionomer cement 
was used. In a comparable age group, the 1-year survival rate of all ART 
restorations in the present study was higher (97.8%) than that of the former 
study (78.9%). Most probably, the difference was due to the mechanically 
poorer glass-ionomer used in the older study. The results of the present study 
are in line with those presented in the two meta-analyses on ART [26,27].  
As previously highlighted by Gryst et al. [28], the final contouring of ART 
restorations in patients with disability is often less than ideal. However, marginal 
defects were occasionally found by the two independent examiners, resulting in 
functional restorations that successfully achieved the aim of preserving the 
health of the tooth. 
This being the only study in which ART has been compared to a CRT 
protocol, care should prevail when discussing the outcome of the survival 
analyses. More studies need to be performed by other researchers in other 
countries. 
 
Level of satisfaction to assess the quality of the service 
Quality is a complex concept and the definition of good quality often 
depends on the definer. However, for policy makers, health providers and 
managers, it is important to measure the quality of health strategies in order to 
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develop better programmes, not only for improving access to care but also to 
meet the needs of the population with accurate solutions [3] (Lawthers 2003). 
The pre-concept of ART as a low-quality resource, expressed by Special 
Care Dentists in Chapter 3, was also revealed in 23 out of 66 respondents of 
the clinical study presented in Chapters 6 and 7. High survival rates after 6 and 
12 months demonstrated that ART is more effective than CRT, which qualified 
this approach with the highest standards of restorative dentistry. According to 
the medical model of care, reaching the right outcomes is associated with high 
quality of care. However, the perspective of the user needs to be taken into 
consideration, reflecting the levels of wellbeing and satisfaction with the 
provided service as an important domain in quality. The framework of the 
present study was therefore expanded beyond traditional concerns of the 
medical model (diagnosis, prevention and treatment), including psychosocial 
aspects of medical care that led to the feasibility and appropriateness of the 
ART approach for this group of patients.  
In terms of acceptability, ART was the technique of choice at baseline for 
patients and/or their caregivers, and this approach gave the highest level of 
satisfaction post-treatment, whether it had initially been selected or not. The 
main perceived advantage of this technique was avoidance of the dental drill, 
which is associated with noise, vibration and water spray. All of these stimuli 
may be difficult to cope with, both for persons with anxiety disorders and for 
people with functional disabilities; such as spastic movement or swallowing 
difficulties. Another advantage of the ART approach is that use of local 
anaesthesia is rarely necessary. Consequently, the patient does not experience 
the anxiety related to needles and injections. In the present study only 4 
patients required local anaesthesia for ART treatment. A final advantage 
perceived by patients and caregivers was the potential avoidance of an 
intervention under general anaesthesia. This aspect of ART is particularly 
significant for persons with disability who often present with multiple medical 
diagnoses and are at higher risk of the problems of morbidity and mortality 
associated with GA. 
ART treatment was feasible in the clinic, with optimal placement of 
restorations for 79% of all patients receiving ART and 98% survival of 
restorations at 12 months. This result is extremely significant when taken in 
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parallel with the types of disability in the study population and the difficulties 
reported by the dental practitioners during treatment. It would seem that ART 
proves to be an effective solution for patients unable to cope with conventional 
treatment in the chair, particularly in service conditions where adjunctive 
management techniques (such as conscious sedation) are absent. In addition, 
previous authors have suggested that positive behavioural changes towards 
future dental care may be observed in patients with intellectual disabilities 
following use of minimally invasive techniques [29] (Guaré et al 2008). 
The level of satisfaction reported by the respondents was highest in the 
group that had selected, and subsequently received, ART and lowest in those 
selecting and receiving conventional treatment in the clinic. With regard to these 
values, not only did ART prove to be a quality option in light of the treatment 
outcomes but, especially from the perception of the users, it proved to be a 
strategy that successfully met their treatment needs. 
 
8.4 Contribution of the thesis to caries lesions management 
in patients with disability 
 
The prevalence of caries in people with disabilities is not higher than in 
people without disability. However, inequalities in access to oral health care 
and/or a low utilization of existing services reflect unmet treatment needs 
among patients with disabilities. Therefore, the ART approach was proposed 
and assessed as a suitable option for reducing such inequalities. The outcomes 
of this PhD investigation show the urgency of a need to introduce and adapt a 
primary health care approach to this population, where simpler and more cost-
effective techniques may reach a larger public. 
Chapter 2 emphasized the need for more and better research into 
Special Care Dentistry, which somehow geared the whole process of the 
present thesis. A variety of resources such as literature reviews, in-vitro testing 
of restorative materials, surveys undergoing validation tests and a pilot clinical 
trial were used. Special Care Dentists as well as patients/parents/carers gave 
their input, to enable analysis of the contribution of ART to treatment of caries 
lesions in this particular group and clinical evidence was produced that 
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demonstrated the effectiveness of the approach in terms of feasibility, 
acceptance and survival of restorations. 
Additionally, Dental Material Science was involved in critical aspects of 
decision making, in order to facilitate use of the best alternative restorative 
materials in accordance with the characteristics of the patients. Downloading 
the knowledge of these technologies with regard to challenging situations such 
as the restoring of teeth in people with certain features was, at least, an 
interesting experience that ought to happen more frequently within this field of 
research. The aim of finding the best restorative glass-ionomer cement 
available for use with ART in patients with certain features, instead of merely 
comparing the mechanical behavior of cements, provided a genuine purpose for 
all the in-vitro studies. 
Finally, development of a non-randomized clinical controlled trial, based 
on a framework for assessing the quality of health services for people with 
disability, enabled the patients/parents/carers to express their desires regarding 
methods for repairing the teeth of the participants, the reasons why they would 
choose one, or another, approach and their inherent conceptions of 
conventional dental treatment. The combination of good results in terms of 
survival rates and high levels of satisfaction associated with the provision of 
ART may constitute a cornerstone for the introduction of this strategy as an 
evidence-based successful resource for caries treatment in people with 
intellectual and/or physical disability, many of whom have difficulty coping with 
conventional treatment. Nevertheless, despite good short-term results, long-
term results and cost-effective studies are required in order to develop the most 
optimal preventive and restorative care strategy that best serves people with a 
disability.   
 
8.5 Conclusions 
 
On the basis of the findings of this PhD research, the following 
conclusions were reached. 
1 Owing to the heterogeneity, quality, number, types and outcomes of the 
studies included in a literature review, extraction of a common strategy 
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for the prevention and treatment of dental caries in people with 
disabilities was not possible (Chapter 2). 
2 More and high quality, research is required for the production of general 
guidelines for prevention and treatment of caries lesions in people with 
disabilities (Chapter 2).  
3 Experts in Special Care Dentistry reported high levels of knowledge 
regarding ART and positive attitudes towards the approach. However, in 
terms of behaviour only 50% of respondents used ART regularly 
(Chapter 3). 
4 Barriers to the implementation of ART in dental practice were placement 
of the restoration under difficult conditions and the preconception of 
conventional dentists that ART is ‘lower quality dentistry’ (Chapter 3). 
5 Encapsulated high-viscosity glass-monomers (EQUIA system and 
Chamfer Rock) had significantly higher test values for diametric tensile, 
flexural and compressive strength than the commonly used hand-mixed 
high-viscosity glass-monomers Fuji 9 Gold Label and Keats Molar Easy 
mix (Chapter 4). 
6 Heating the restorative glass-monomer cements with an LED curing-light 
of 1400mW/cm2 during setting for 30s increased the biaxial flexural 
strength (BFS) value of all materials tested. The mean BFS value was 
significantly higher for the encapsulated glass-monomers EQUIA system 
and Chamfer Rock than for the hand-mixed glass-monomers Fuji 9 Gold 
Label and Keats Molar Easy mix at all exposure times (Chapter 5). 
7 The survival rate of ART restorations was significantly higher than those 
of conventional restorations using resin composite over the one year 
period (Chapter 6). 
8 The one-results of the clinical study showed that ART is a feasible, 
acceptable and effective approach to use in restoring dentine caries 
lesions in patients with disabilities, many of whom have difficulty coping 
with conventional treatment (Chapter 7). 
9 The level of satisfaction reported by the respondents was significantly 
higher in the group that had selected, and subsequently received, ART 
than in those selecting and receiving conventional treatment in the clinic 
and under general anaesthesia (Chapter 7).   
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8.6. Recommendations 
 
1. Considering that Special Care Dentistry is gradually gaining recognition 
as a specialty around the world, but that the evidence base regarding the 
adaptation of certain clinical techniques to the needs of this population is 
still lacking, international oral health organizations should spearhead the 
promotion of oral health, based on scientific evidence, for people with 
disabilities. 
2. Suggestions identified in the behaviour study, which pointed to the 
perception of ART as “lower quality dentistry”, indicate the need for 
development and implementation of more clinical trials of high quality 
that will improve the evidence base of the ART approach, specifically in 
the population of people with disabilities. 
3. The encouraging in-vitro performance of new formulations in mineral- 
based restorative materials and the additional reinforcing resources 
introduced to improve their mechanical behaviour should be further 
developed, to enhance long term clinical outcomes of ART restorations. 
4. The efficacy of ART sealants in preventing caries lesion development in 
patients with disabilities should also be assessed systematically.  
5. In order to develop the most optimal preventive and restorative care 
strategy, thus improving access to oral health care among people with 
disability, cost-effective studies comparing different strategies for caries 
management should be implemented.  
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La problemática de caries es una entre tantas preocupaciones en 
personas con discapacidad intelectual o física. La recopilación de información 
epidemiológica demuestra que las personas con discapacidad presentan una 
prevalencia de caries similar a la de sus pares que no padecen una 
discapacidad, pero mayor en relación a la enfermedad periodontal. Las 
principales diferencias entre estos grupos son: falta de cuidados orales, mayor 
cantidad de cavidades sin tratar y menor utilización de estrategias preventivas 
en el grupo constituido por personas con discapacidad. 
Si bien muchos pacientes que pertenecen a este grupo conocen la 
importancia de una buena salud bucal, la implementación de recursos 
preventivos y/o terapéuticos para el tratamiento de lesiones por caries enfrenta 
una serie de obstáculos. En esta lista se incluyen un acceso limitado a los 
cuidados de salud bucal y barreras que dificultan el tratamiento específico. 
Particularmente, la virtual ausencia de cuidados preventivos sumada a niveles 
muy altos de necesidades terapéuticas, ha dado lugar a la búsqueda de nuevas 
alternativas viables para mejorar la salud bucal de estas personas. Por otra 
parte, a pesar que los sistemas de salud presentan variaciones entre los 
distintos países, es generalizado el problema de una baja tasa de utilización de 
servicios odontológicos en la población con discapacidad. Esta situación se 
refleja en un alto nivel de necesidades terapéuticas insatisfechas, las que, en 
países en desarrollo se profundizan por la escasés de servicios especializados. 
Por esta razón, es necesario desarrollar enfoques y recursos 
preventivos/terapéuticos eficaces, menos invasivos y más “amigables”, con el 
principal objetivo de favorecer un mejor acceso al cuidado de la salud bucal 
que abarque una mayor proporción de este segmento poblacional (Capítulo 1). 
Como un primer paso en el proceso de identificar un concepto de 
abordaje odontológico adecuado para el manejo de la caries dental en 
personas con discapacidad, se llevó a cabo una revisión sistemática de 
estrategias preventivas y terapéuticas existentes (Capítulo 2). Para tal fin, se 
consultaron tres bases de datos, cubriendo las publicaciones del período 
comprendido entre Enero de 1991 hasta el 1 de Febrero de 2011. El criterio de 
selección se orientó al análisis de estudios clínicos aleatorios, de casos y 
controles, estudios de cohortes y revisiones sistemáticas, publicadas en Inglés, 
Español, Portugués, Francés y Alemán. Sólo ocho artículos reunieron las 
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condiciones de inclusión de los cuales cinco desarrollaban programas 
preventivos y tres relacionados a estrategias restauradoras. En función de la 
heterogeneidad, calidad, número, diseño y resultados obtenidos en estos 
estudios, no fue posible extraer lineamientos generales para la elaboración de 
recomendaciones extrapolables a otros grupos de personas con discapacidad. 
Por lo tanto y, en virtud de la urgencia de tales recomendaciones, se sugirió 
que las asociaciones internacionales que se identifican con esta población y/o 
con la producción de evidencia científica, deberían promover el desarrollo de 
estudios científicos calificados para la determinación de lineamientos 
preventivos y terapéuticos para el abordaje de caries en personas con 
discapacidad. En tal sentido, el Tratamiento Restaurador Atraumático (TRA) se 
sugiere como un concepto potencialmente útil para su implementación como 
recurso terapéutico en esta población, aunque su uso fue reportado en una 
publicación de las tres que fueron incluidas en la revisión. 
En todo caso, si el TRA fuera implementado en un sistema de salud 
bucal para personas con discapacidad, es imprescindible evaluar su pertinencia 
y aceptación entre aquellos profesionales que serán los potenciales 
proveedores del servicio. Por esta razón se llevó a cabo un estudio destinado a 
conocer la opinión de un grupo representativo de expertos de todo el mundo, 
por medio de una encuesta previamente validada (Capítulo 3). De la 
información resultante, todos los participantes reportaron un total o moderado 
conocimiento del concepto TRA (23.3% y 63.3% respectivamente), señalando 
un 66.7% su percepción que el TRA es un abordaje útil para esta población. 
Sin embargo, sólo el 50% confirmó la utilización de este recurso con 
regularidad en su práctica clínica, mientras que 5 participantes (16.7%) 
indicaron que nunca usarían esta estrategia, aún si se demostrara su eficacia. 
Finalmente, se discutió sobre los obstáculos para introducir el concepto TRA en 
Odontología y Discapacidad, enfatizando la necesidad de promover cursos 
formativos de TRA y el desarrollo de investigación clínica para evaluar la 
aceptación y eficacia de este abordaje. 
Uno de los aspectos relevantes mencionado por el grupo de expertos fue 
la necesidad de desarrollar materiales restauradores que se constituyeran en el 
complemento adecuado para el éxito del TRA. Los cementos de Ionómero 
Vítreo de alta viscosidad son los materiales comúnmente utilizados para este 
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recurso terapéutico. No obstante, la cavidad bucal de personas con 
discapacidad tiene un funcionamiento particular y diferente. La preocupación 
más importante en este sentido es encontrar un material restaurador con las 
siguientes características: fácil manifulación, fraguado rápido y propiedades 
biológicas y mecánicas aceptables. Por lo tanto, era fundamental encontrar un 
cemento con propiedades superadoras con respecto a aquellos utilizados 
habitualmente en el TRA.  
Cuando se elaboró el proyecto de esta tesis doctoral, se habían lanzado 
recientemente al mercado dos nuevos cementos para restauración de alta 
viscosidad presentados en cápsulas pre-dosificadas (el sistema EQUIA y 
Chemfil Rock). Estos productos fueron comparados con los tradicionales 
cementos restauradores de mezcla manual (Fuji 9 Gold Label y Ketac Molar 
Easymix) como materiales de control para pruebas de resistencia a la 
compresión, a la flexión y a la tensión diametral (Capítulo 4). Para tal fin se 
prepararon los especímenes necesarios para los estudios in-vitro de acuerdo a 
las especificaciones técnicas de cada prueba y de cada material. En cuanto al 
ensayo de resistencia compresiva, se replicó un modelo de clase II para TRA 
en dientes naturales. Se utilizaron los tests de ANOVA y Tukey B para 
determinar diferencias entre las variables dependientes e independientes, 
resultando los nuevos cementos evaluados significativamente superiores en las 
tres pruebas a los cementos de mezcla manual. El sistema EQUIA también se 
diferenció de Chemfil Rock con mayores valores medios de resistencia flexural 
y a la tensión diametral.  
Si bien los estudios in-vitro demostraron mejores propiedades mecánicas 
del sistema EQUIA y de Chemfil Rock, se sugirió que estas propiedades son 
insuficientes, especialmente durante la etapa inicial del contacto con la cavidad 
bucal. Por esta razón es necesario arbitrar los medios para acelerar la 
maduración de estos materiales durante el período crítico, de modo tal que 
pueda favorecer mejores resultados clínicos a largo plazo en la población 
objeto de estudio de esta tesis. En tal sentido se propuso aplicar calor a través 
de una lámpara de curado a base de LED de alta intensidad (1400mW/cm2) 
durante el fraguado de los cementos restauradores. El objetivo del siguiente 
estudio in-vitro fue investigar el efecto de la aplicación de calor durante el 
fraguado en las propiedades mecánicas de los mismos cementos evaluados en 
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el estudio anterior, utilizando en este caso un ensayo de resistencia flexural 
biaxial (BFS) (Capítulo 5). Se confeccionaron muestras de 2.1mm de espesor 
por 13mm de diámetro de Fuji 9 Gold Label, Ketac Molar Easymix, Chemfil 
Rock y sistema EQUIA, dividiéndolos en tres grupos de 30 muestras cada uno: 
1) Fraguado normal, 2) aplicando calor con una LED durante 30s y 3) aplicando 
calor con una LED durante 60s durante el fraguado de los cementos. Para la 
preparación de las muestras se utilizaron moldes de PTFE colocados sobre un 
loseta de vidrio cubierta con una tira de acetato. Luego de rellenar los moldes 
con el material, una nueva tira de acetato cubría la muestra, sobre la cual se 
colocaba un portaobjeto de vidrio con una pesa de 1 kilogramo sobre éste para 
condensar y distribuir de manera uniforme todo el cemento dentro del molde. 
Para los grupos 2 y 3, el portaobjeto se retiraba luego de 5s para dar lugar a la 
aplicación de calor con la lámpara de LED a través del contacto con la tira de 
acetato, tanto sea por 30s o 60s. Una vez completada esta acción, se volvía a 
colocar el portaobjeto con la pesa de 1 kilogramo. Las muestras fueron 
conservadas durante 48 horas en agua destilada a 37ºC hasta el momento de 
la prueba en una máquina universal de ensayos, en la que se utilizó una 
velocidad de carrera de 1mm/min. Los resultados fueron analizados con 
ANOVA y corrección de Bonferroni. Los valores medios de BFS para los 
cementos de mezcla manual resultaron nuevamente inferiores en relación a los 
pre-dosificados en los tres grupos de tratamiento. Los valores medios de BFS 
de los cuatro cementos fueron estadísticamente superiores con la aplicación de 
calor durante 30s y 60s. No existieron diferencias significativas entre EQUIA y 
Chemfil Rock a los 30s y 60s respectivamente (p>0.05). Se concluyó que la 
aplicación de calor con una lámpara de LED de alta intensidad por 30s durante 
el fraguado de los cementos de ionómero vítreo aumenta la resistencia flexural 
biaxial y, por lo tanto, sus propiedades mecánicas iniciales. 
Una vez seleccionados los materiales restauradores con mejores 
propiedades mecánicas, se procedió a la realización de un estudio clínico piloto 
para evaluar el comportamiento de restauraciones TRA en comparación con 
restauraciones convencionales de resina compuesta en pacientes con 
diferentes diagnósticos asociados a discapacidad, derivados para tratamiento 
de caries a la Facultad de Odontología, Universidad Nacional de Córdoba, en el 
marco del proyecto “El Tratamiento Restaurador Atraumático (ART): aspectos 
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clínicos, estudios in-vitro y con MEB.” (Capítulo 6) Además, el estudio 
contemplaba investigar la aceptación, pertinencia y el grado de satisfacción de 
los pacientes en relación a este abordaje (Capítulo 7). Sesenta y seis pacientes 
(13.6+/-7.8 años de edad) con 16 diferente diagnóstico médico fueron incluidos 
en el estudio. Ellos y sus padres o tutores recibieron información verbal y 
escrita sobre los pros y contras de dos alternativas terapéuticas (TRA y 
tratamiento restaurador convencional –TRC), luego de haber sido explicada la 
situación de salud bucal de cada paciente. Para ser respetuosos de las 
necesidades y expectativas de los participantes, y considerando las dificultades 
para una asignación aleatoria a grupos de tratamiento, se ofreció la posibilidad 
de elegir una alternativa terapéutica a cada participante. Aquellos pacientes en 
los cuales resultó imposible aplicar alguna de estas opciones, fueron derivados 
a tratamiento bajo anestesia general (AG). El seguimiento de las 
restauraciones fue pautado para los 6 y 12 meses. Dos evaluadores 
independientes entrenados y calibrados determinaron el estado de las 
restauraciones de acuerdo al criterio ART. El modelo proporcional de Hazard 
con corrección de dependencia de varables fue utilizado para calcular la tasa 
de sobrevida en un período de un año. Un total de 298 cavidades fueron 
restauradas en dentición temporaria y permanente (182 TRA, 21 TRC/en sillón 
y 95 TRC/con AG). Los resultados de sobrevida en términos generales fueron 
de 97.8+/-1.0% para el TRA y de 90.5+/-3.2% para el TRC (p=0.01). Los 
resultados a corto plazo indican que el TRA se posiciona como una alternativa 
eficaz para un protocolo terapéutico de caries en personas con discapacidad. 
Como se ha señalado anteriormente, este estudio clínico también se 
orientó a comparar el TRA con el TRC en términos de aceptación y factibilidad, 
además de la percepción de satisfacción con el tratamiento recibido. Para tal fin 
se describieron inicialmente las razones que motivaron la elección de las 
diferentes alternativas terapéuticas y las eventuales razones que motivaron el 
cambio de protocolo. De igual modo, se identificaron los resultados 
procedimentales en la secuencia terapéutica en función de las dificultades y 
barreras que debieron sortearse para llevar a cabo cada protocolo.  El grado de 
satisfacción con el tratamiento recibido fue evaluado al año de haberse 
completado, utilizando una escala analógica visual con la calificación dada por 
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cada participante en un rango de 0 a 10 (0=decepción total hasta 
10=satisfacción completa).  
El TRC en el sillón odontológico fue posible en 5 participantes (13%), el 
TRA en 47 (71.2%) y fue necesario recurrir a anestesia general en 14 pacientes 
(21%). El nivel de satisfacción fue mayor en el grupo que había elegido (y 
posteriormente recibido) TRA (VAS medio 9.2+/-0.9), seguido de aquellos que 
seleccionaron y recibieron tratamiento bajo anestesia general (VAS medio 
8.1+/-1.1) y aquellos que eligieron y recibieron TRC (VAS medio 7.4+/-1.1). Se 
concluyó que el TRA es un abordaje factible, aceptable y eficaz para una 
variedad de pacientes con diagnóstico médico relacionado a discapacidad en la 
cual el tratamiento odontológico convencional resulta indadecuado (Capítulo 7). 
 
 
158 
 
  
159 
 
 
 
 
 
 
 
Hoofdstuk 8 
 
 
 
Samenvatting 
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Mensen met een lichamelijke en geestelijke beperking lijden vaak aan 
tandcariës. Epidemiologische gegevens van mensen met een beperking laten 
een lagere prevalentie van tandcariës zien, maar een hogere prevalentie van 
parodontale aandoeningen, ten opzichte van mensen zonder beperkingen van 
dezelfde leeftijd. De meest voorkomende verschillen tussen deze twee groepen 
hebben betrekking op het gebrek aan mondzorg, het verhoogd aantal 
gebitselementen met onbehandelde caviteiten en het lage gebruik van 
preventieve maatregelen bij mensen met een beperking. Deze mensen zijn zich 
bewust van het belang van goede mondgezondheid. Echter het preventief en 
restauratief behandelen van hun carieuze laesies stuit op verschillende 
obstakels zoals angst voor behandeling, een beperkte toegang tot de mondzorg 
en hindernissen bij het verkrijgen van tandheelkundige zorg. De bijna volledige 
afwezigheid van preventieve zorg en de hoge noodzaak tot behandelen zijn 
twee aanjagers in de zoektocht naar mogelijke alternatieven ter verbetering van 
de mondgezondheid bij hen. Ofschoon zorgsystemen, en in het bijzonder 
behandelingen ter bestrijding van tandcariës, tussen landen in de wereld 
verschillen, is het gebruik van tandheelkundige zorg door mensen met een 
beperking, laag. Het hoge aantal onbehandelde gebitselementen bij hen 
ondersteunt deze constatering. Het is daarom hoognodig om op zoek te gaan 
naar alternatieve strategieën ter voorkoming en behandeling van 
mondaandoeningen, die mensen met een beperking minder angst inboezemen 
en die daardoor de toegang tot de mondzorg zullen verbeteren (Hoofdstuk 1)  
Om bovenstaand doel te bereiken werd een systematisch uitgevoerd 
onderzoek naar bestaande preventieve en curatieve behandelmodulen verricht 
(Hoofdstuk 2). In drie gegevensbanken werden publicaties, die tussen 1 
januari 1991 en 1 februari 2011 waren verschenen, onderzocht. Zowel 
gerandomiseerde klinische onderzoeken als case-control, cohort en 
systematisch uitgevoerde onderzoeken, geschreven in de Engelse, Spaanse, 
Portugese, Franse en Duitse taal, werden geselecteerd. Slechts acht 
publicaties voldeden aan de inclusiecriteria. Vijf daarvan hadden preventieve 
behandelstrategieën onderzocht en drie daarvan hadden curatieve 
behandelstrategieën onderzocht. Vanwege de aanwezige heterogeniteit, mate 
van kwaliteit, aantal, soorten en resultaten van de geïncludeerde onderzoeken, 
was het niet mogelijk om één bepaalde preventieve of curatieve 
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behandelstrategie voor gebruiken bij mensen met een beperking te distilleren. 
Gezien de noodzaak voor zo een strategie werd voorgesteld dat internationaal 
opererende wetenschappelijke verenigingen en verenigingen ten behoeve van 
de mondzorg voor mensen met een beperking, het opzetten van hoogstaand 
onderzoek moeten stimuleren om zodoende richtlijnen voor het voorkomen en 
behandelen van tandcariës bij mensen met een beperking te ontwikkelen. 
Ondanks het gegeven dat de Atraumatic Restorative Treatment (ART) aanpak 
slechts één keer bij mensen met een beperking was onderzocht, werd deze 
aanpak aangemerkt als een potentieel bruikbare behandelmethode voor hen. 
 Maar voordat ART kan worden toegepast bij mensen met een beperking, 
moet eerst de geschiktheid en mate van acceptatie door zorgverleners van 
deze aanpak  worden vastgesteld. Dit werd onderzocht door de meningen van 
30 specialisten uit verschillende landen te vragen via een gevalideerde 
vragenlijst (Hoofdstuk 3). Alle respondenten gaven aan dat ze goede (23.3%) 
en middelmatige (63.3%) kennis van ART hadden. Of ART geschikt was om bij 
mensen met een beperking toe te passen werd door 66.7% van de 
ondervraagden positief beantwoord. Slechts 50% van hen gebruikte ART 
regelmatig in hun praktijk en 16.7% gaf aan dat ze ART nooit zouden 
gebruiken, ook niet indien zou blijken dat het een uiterst geschikte behandeling 
voor mensen met een beperking zou zijn. Hindernissen die de introductie van 
ART in het vakgebied Bijzondere Tandheelkunde zouden belemmeren, werden 
bediscussieerd en een van de conclusies luidde dat de zorgverleners een 
opleiding in ART zouden moeten volgen en dat meer klinisch onderzoek naar 
de effectiviteit en mate van acceptatie van ART onder patiënten en 
zorgverleners moest worden uitgevoerd. 
 Hooggevuld glasionomeer is het tandheelkundig materiaal dat veelvuldig 
met de ART aanpak wordt gebruikt. De mond van mensen met een beperking 
functioneert echter op een andere wijze dan die van mensen zonder een 
beperking. Daarom werd het noodzakelijk geacht om een restauratiemateriaal 
te vinden met specifieke functies zoals, gemakkelijk verwerkbaar en snel hard 
worden, en dat acceptabele mechanische en biologische kenmerken heeft. Het 
was dus belangrijk om een restauratief glasionomeer te vinden dat betere 
mechanische eigenschappen heeft dan de glasionomeren die in de normale 
tandartsenpraktijk gebruikt worden.  
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 Ten tijde van het bespreken van het huidige promotieonderzoek waren 
twee hooggevulde glasionomeren in capsule vorm recentelijk op de markt 
verschenen (EQUIA system en Chemfil Rock). De diametrale treksterkte, buig- 
en druksterkte van deze twee glasionomeren werden vergeleken met die van 
de gangbare handgemengde hooggevulde glasionomeren Fuji 9 Gold Label en 
Ketac Molar Easymix (Hoofdstuk 4). Voor het testen van de diametrale 
treksterkte werden 240 en voor de druksterkte 80 proefstaafjes volgens 
gestandaardiseerde specificaties vervaardigd. De druksterkte werd volgens een 
tandmodel van een tweevlaks ART restauratie getest. De verschillen tussen de 
afhankelijke en onafhankelijke variabelen werden door middel van de ANOVA 
en Tukey B testen getoetst. De gemiddelde waarden van de drie mechanische 
eigenschappen waren significant hoger (α=0.05) voor EQUIA system en 
Chemfil Rock dan voor Fuji 9 Gold Label en Ketac Molar Easymix. De 
gemiddelde waarden voor de diametrale treksterkte en buigsterkte van EQUIA 
system waren hoger dan die van Chemfil Rock (α=0.05). Het onderzoek toonde 
aan dat de diametrale treksterkte, en de buig- en druksterkte van de 
gecapsuleerde hooggevulde glasionomeren significant hoger waren dan die van 
de handgemengde hooggevulde glasionomeren. 
 Ofschoon het laboratoriumonderzoek had aangetoond dat de 
gecapsuleerde hooggevulde glasionomeren verbeterde mechanische 
eigenschappen hadden, werd toch voorgesteld dat de mechanische 
eigenschappen van glasionomeer nog verder verbeterd moesten worden om in 
aanmerking te komen voor gebruik bij mensen met een beperking. Dit doel zou 
wel eens bereikt kunnen worden door het glasionomeer te verwarmen tijdens 
de uithardingsfase. Het verwarmen geschied door een LED uithardingslamp 
met een hoog vermogen. Het doel van het volgende onderzoek was om het 
effect van het verwarmen op de mechanische eigenschappen van de vier 
glasionomeren uit het vorige onderzoek te bepalen door de biaxiale buigsterkte 
(BFS) te meten (Hoofdstuk 5). Proefstaafjes, met een dikte van 2.1 mm en een 
doorsnede van 13 mm, werden voor elk van de vier glasionomeren vervaardigd 
en verdeeld over drie testgroepen, die elk uit 30 proefstaafjes bestonden. De 
testgroepen waren als volgt samengesteld: 1) geen verwarming, 2) 30 
seconden en 3) 60 seconden verwarmen tijdens het uitharden met de LED lamp 
van 1400 mW/Cm2. Na het vullen van de mal met glasionomeer en het plaatsen 
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daarover van een folie van acetaat, werd een glasplaat van 1 kg boven op het 
glasionomeer gelegd om er voor te zorgen dat het materiaal evenwijdig in de 
mal werd verdeeld. Voor groep 2 en 3 werd de glasplaat na 5 seconden 
verwijderd maar de acetaatfolie bleef achter. De LED lamp werd op de folie 
geplaatst en de glasionomeren werden 30 seconden (groep 2) en 60 seconden 
(groep 3) lang belicht. Na beëindiging van het belichten werd de glasplaat weer 
op de folie geplaatst en werden de proefstaafjes 48 uur in gedistilleerd water 
van 37 graden Celsius bewaard voordat ze werden blootgesteld aan de 
testmethode. De testgegevens werden geanalyseerd door gebruik te maken 
van de ANOVA test met de Bonferroni correctie (α=0.05). De gemiddelde BFS 
scores voor de handgemengde hooggevulde glasionomeren waren statistisch 
significant lager dan die van de gecapsuleerde hooggevulde glasionomeren 
voor alle drie de testgroepen. Er werd geen verschil gevonden tussen de 
gemiddelde BFS scores van EQUIA system en Chemfil Rock na 30 en 60 
seconden belichten (p<0.05). Het 30 seconden verwarmen van de 
glasionomeren met de LED lamp met een vermogen van 1400mW/cm2 
gedurende het uitharden, had de biaxiale buigsterkte van hooggevulde 
glasionomeren verhoogd en daarmee ook de mechanische eigenschappen van 
deze twee glasionomeren. 
 Na het selecteren van de glasionomeren met de hoogste mechanische 
eigenschappen, werd een vooronderzoek begonnen naar de overleving van 
ART restoraties in vergelijking tot composiet restauraties bij mensen met een 
beperking van verschillende aard die voor behandeling van tandcariës 
doorgestuurd waren naar de tandheelkundige afdeling van de Universiteit van 
Cordoba, Argentinië. Het onderzoek werd uitgevoerd bij 66 patiënten met een 
gemiddelde leeftijd van 13.6 (SD±7.8) jaar die 16 verschillende beperkingen 
vertegenwoordigden. De patiënten en ouders/begeleiders werden door middel 
van een gesprek en door het verstrekken van brochures op de hoogte gebracht 
van de voor- en nadelen van de te gebruiken behandelmethoden; ART en de 
conventionele restauratieve benadering (CRT/kliniek) (Hoofdstuk 6). Omdat 
het niet mogelijk was om een gerandomiseerd klinisch onderzoek onder 
mensen met een beperking uit te voeren, werd de keuze voor de behandeling 
overgelaten aan de patiënten en de ouders/begeleiders. Indien geen van de 
twee behandelopties kon worden uitgevoerd, werd de patiënt onder algemene 
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anesthesie behandeld (CRT/AA). Na 12 maanden werden de restauraties door 
twee getrainde en gecalibreerde onderzoekers, met behulp van het ART 
restauratie criterium, geëvalueerd. De ‘proportional hazard’ model met ‘frailty 
corrections’ werd gebruikt om de eenjaars overleving te schatten. In totaal 
werden 298 dentine caviteiten, 182 door ART, 21 door CRT/kliniek en 95 door 
CRT/AA in tijdelijke en blijvende gebitselementen, gerestaureerd. Het eenjaars 
overleving percentage en de jackknife standaardfout voor ART en CRT 
restauraties waren respectievelijk, 97.8 ± 1.0% en 90.5 ± 3.2% (p=0.01). De 
korte termijn resultaten laten zien dat de ART aanpak een effectieve methode is 
om mensen met een beperking, waarvan velen niet door middel van de 
conventionele restauratieve aanpak konden worden geholpen, restauratief te 
behandelen. 
 Het klinisch onderzoek had ook tot doel om de ART en CRT aanpak te 
vergelijken met betrekking tot hun mate van acceptatie en uitvoerbaarheid, en 
het niveau van tevredenheid door de ontvangers, cq ouders/begeleiders, van 
zorg (Hoofdstuk 7). Om dat te onderzoeken werden de redenen voor het 
kiezen van de behandelaanpak en eventuele veranderingen daarvan, bij 
aanvang vastgelegd. De mate van acceptatie van de behandeling werd 
gedurende de behandeling genoteerd en die van de tevredenheid werd door 
middel van een tevredenheidsschaal (0=totaal ontevreden tot 10= helemaal 
tevreden) (VAS) na 12 maanden geëvalueerd. De CRT in de kliniek werd 
uitvoerbaar geacht voor 5 (7.6%) en de ART aanpak voor 47 (71.2%) patiënten, 
terwijl 14 (21%) patiënten onder algemene anesthesie moesten worden 
behandeld. De hoogste gemiddelde VAS score en standaard deviatie werd 
geregistreerd voor de groep die met de ART aanpak was behandeld (9.2 ± 0.9), 
gevolgd door de patiënten die onder algemene anesthesie waren behandeld 
(8.1 ± 1.1). De groep die door middel van de CRT in de kliniek was behandeld, 
kreeg een gemiddelde VAS score van 7.4 ± 1.1. Het verschil in gemiddelde 
VAS scores tussen mensen die met ART en met de CRT/kliniek waren 
behandeld, was significant (α=0.05). Het onderzoek toonde aan dat de ART 
aanpak uitvoerbaar is, acceptabel en effectief om mensen met een beperking 
van verschillende aard, te behandelen die niet op de conventionele wijze 
konden worden behandeld.  
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